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Concurrent  resolution  adopts  by  the  Senate^  July  23,  1892,  and  hy  the  House  of  Repre- 

eentaiivee,  August  5, 1892, 
Resolved  by  the  Senate  {the  House  of  Representatives  concurring)  ^  That  there  be  printed 
of  the  Reports  of  the  Smithsonian  Institution  and  of  the  National  Museum  for  the 
year  ending  June  30,  1891,  in  two  octavo  volumes,  10,000  extra  copies;  of  which 
1,000  copies  shall  be  for  the  use  of  the  Senate,  2,000  copies  for  the  use  of  the  House 
of  Representatives,  5,000  copies  for  the  use  of  the  Smithsonian  Institution,  and  2,000 
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LETTER 


FROM  THE 


SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 


ACCOMPANYING 


The  annual  report  of  the  Board  of  Regents  of  the  Institution  to  the  end  of 

Junej  1891. 


Smithsonian  Institution, 
Washington^  D.  C,  July  1, 1S91. 
To  the  Congress  of  the  United  States : 

In  accordance  with  section  5593  of  the  Revised  Statutes  of  the  United 
States^  I  have  the  honor,  in  behalf  of  the  Board  of  Begents,  to  sabmit 
to  Congress  the  annual  report  of  the  operations,  expenditures,  and  con- 
dition of  the  Smithsonian  Institution  for  the  year  ending  June  30, 1891. 
I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

S.  P.  Langley, 
Secretary  of  Smithsonian  Institution, 
Hon.  Levi  P.  Morton, 

President  of  the  Senate, 
Hon.  Thomas  B.  Reed, 

Speaker  of  the  House  of  Representatives. 
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JOURNAL  OF  PROCEEDINGS  OP  THE  BOARD  OF  REGENTS  OF  THE  SMITH- 
SONIAN INSTITUTION. 


Smithsonian  Institution, 
Washingtonj  January  28^  1891. 

In  accordance  with  a  resolution  of  the  Boardof  Regents  of  the  Smith- 
sonian Institution,  fixing  the  time  of  the  beginning  of  the  annual  ses- 
sion on  the  fourth*  Wednesday  of  January  in  each  year,  the  Board  met 
to-day  at  10  o'clock  A.  m. 

Present,  Chief-Justice  Fuller,  Chancellor  of  the  Institution,  Hon. 
J.  S.  MoERiLL,  Hon.  8.  M.  Cullom,  Hon.  R.  L.  Gibson,  Hon.  H.  0. 
Lodge.  Hon.  Joseph  Wheelee,  Dr.  Henry  Coppee,  Dr.  James 
0.  Welling,  Gen.  M  .  C.  Meigs,  Dr.  Andrew  D.  White,  and  the 
Secretary. 

The  minutes  of  the  last  meeting  (January  8, 1890)  were  read  and 
approved. 

A  letter  firom  Dr.  J.  B.  Angell  was  read,  stating  the  reasons  for 
his  absence  from  the  meeting. 

The  Secretary  informed  the  Board  that  the  following  resolution  had 
been  passed  by  Congress  and  approved  May  22, 1890: 

No.  23.  Joint  reaolation  to  fiU  vacancies  in  the  Board  of  Regents  of  the  Smith* 

sonian  Institution. 

Resolved  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  assembled^  That  the  vacancies  in  the  Board 
of  Begents  of  the  Smithsonian  Institution,  of  the  class  other  than  mem- 
bers of  Congress,  shall  be  filled  by  the  appointment  of  Charles  Devens, 
of  Massachusetts^  in  place  of  Noah  Porter,  of  Connecticut,  resigned ; 
and  by  the  appomtment  of  James  C.  Welling,  of  Washington  City, 
whose  term  of  office  has  expired. 

Approved,  May  22, 1890. 

The  Secretary  read  a  letter  from  Judge  Devens,  September  20, 1890, 
declining  the  honor  of  the  position  of  one  of  the  Begents  of  the  Smith- 
sonian Institution,  on  account  of  a  provision  in  the  constitution  of  the 
State  of  Massachusetts,  that  "  Justices  of  the  supreme  judicial  court 

^Resolution  of  the  Board^  January  8, 1890. 
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of  the  Commonwealth  shall  not  hold  any  other  place  or  office,  or  receive 
any  pension  or  salary  from  any  other  State,  government,  or  power 
whatever.'' 

Judge  Devens  stated  that  were  it  not  for  this  provision  of  law  "  it 
would  have  afforded  "  him  "  sincere  pleasure  to  have  been  associated 
with  the  Begents  and  the  Secretary  in  the  administration  of  this  great 
national  trust  for  the  diffasion  of  knowledge  among  men." 

The  Secretary  stated  to  theBoard  that  since  the  receipt  of  this  decli- 
nation he  regretted  to  announce  the  death  of  Judge  Devens  very  sud- 
denly on  the  7th  of  the  present  month. 

Dr.  Welling,  chairman,  presented  the  annual  report  of  the  executive 
committee  for  the  year  ending  30th  June,  1890. 

On  motion  the  report  was  accepted. 

On  motion  the  following  resolution  was  adopted: 

Resolvedj  That  the  income  of  the  Institution  for  the  fiscal  year  end- 
ing June  30, 1892,  be  appropriated  for  the  service  of  the  Institution,  to 
be  expended  by  the  Secretsiy,  with  the  advice  of  the  executive  com- 
mittee, upon  the  basis  of  the  operations  described  in  the  last  annuad 
report  of  said  committee,  with  full  discretion  on  the  part  of  the  Secre- 
tsiy  as  to  items  of  expenditures  properly  falling  under  each  of  the 
heads  embraced  in  the  established  conduct  of  the  Institution. 

Doctor  Welling,  on  the  part  of  the  Executive  Committee,  stated  that 
he  had  a  resolution  to  introduce,  which  he  desired  to  preface  by  a  few 
remarks. 

The  resolution  of  the  committee,  after  certain  verbal  alterations, 
was  adopted  and  is  as  follows: 

Resolved,  That  the  action  of  the  Executive  Committee,  during  the 
recess  of  the  Board,  in  authorizing  the  Secretary  of  the  Institution  to 
act  for  and  in  the  name  of  the  Kegents  in  all  matters  pertaining  to  the 
National  Zoological  Park  is  hereby  approved,  and  that  the  Begents 
authorize  and  direct  the  Secretary  of  the  Institution  to  sign  in  their 
name  all  requisitions  on  the  United  StatCvS  Treasury  for  the  money  ap- 
propriated by  Congress  for  the  National  Zoological  Park,  and  to 
approve  for  payment  by  the  disbursing  officer  of  the  Smithsonian  In- 
stitution all  bills  for  services  and  supplies  for  said  Park. 

On  motion,  the  following  resolution  was  adopted : 

Whereas  Congress  in  the  sundry  civil  act,  approved  August  30, 
1890,  made  the  following  provision :  "  Bepairs,  Smithsonian  Building: 
For  fire-proofing  the  so-called  chapel  of  the  west  wing  of  the  Smith- 
sonian Building,  and  for  repairing  the  roof  of  the  main  building  and  the 
ceiling  and  plastering  of  the  main  hall  of  the  building,  $25,000,  said 
work  to  be  done  under  the  supervision  of  the  Architect  of  the  Capitol 
with  the  approval  of  the  Begents  of  the  Smithsonian  Institution,  and  no 
portion  of  the  appropriation  to  be  used  for  skylights  in  the  roof^nor  for 
wellhole  in  the  floor  of  the  main  building:"  Therefore, 

Resolved,  That  the  Begents  of  the  Smithsonian  Institution  hereby 
authorize  the  Secretary  of  the  Institution  to  sign  all  requisitions  on 
the  United  States  Treasury  for  the  money  appropriated  by  Congress 
(sundry  civil  appropriation  act,  approved  August  30, 1890)  for  repairs, 
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Smithsonian  Building,  to  approve  of  plans  submitted  by  the  Architect 
of  the  Capitol,  and  to  certify  to  all  vouchers  for  pajrments  by  the  Treasury 
Department  for  work  done  or  materials  ftimished  for  said  repairs. 

The  Secretary  called  attention  to  an  estimate  he  had  submitted  to 
Congress  at  the  beginning  of  the  session  in  relation  to  an  astro-physical 
observatory  as  follows: 

Astro-physical  Observatory j  Smithsonian,  Institution. — ^Maintenance  of 
astro-physical  observatory,  under  the  direction  of  the  Smithsonian  In- 
stitution, within  the  limits  of  the  National  Zoological  Park,  including 
salaries  of  assistants  and  the  purchase  of  additional  apparatus  (Sub- 
mitted), $10,000. 

Note. — ^An  astro-physical  observatory  and  laboratory  exists  now 
under  every  considerable  civilized  government  but  that  of  the  United 
States  which  has  none^  excei)t  that  the  Institution  commenced  one  on 
the  most  modest  scale  m  1888,  which  now  occupies  a  temporary  struc- 
ture on  the  grounds  south  of  the  Smithsonian  building.  Private  citi- 
zens have  subscribed  $10,000  for  an  astro-physical  observatory  under 
the  charge  of  the  Regents,  in  the  hope  that  Congress  would  maintain 
it,  and  the  Smithsonian  Institution  proposes,  in  this  case,  to  contribute 
the  most  recent  apparatus  to  the  value  of  $6,000  more. 

The  sum  now  asked  is  to  be  applied  to  the  completion  of  the  plant 
and  to  pay  the  current  expenses,  including  the  salaries  of  three  assist- 
anlis,  to  be  engaged  in  researches  of  great  scientific  and  economic  value, 
wholly  distinct  in  apparatus,  methods,  and  objects  from  tlie  quite 
otherwise  important  ones  of  those  of  the  U.  S.  Naval  Observatory. 

It  seems  proper  to  state  that  the  present  appropriation  is  not  asked 
for  as  an  introduction  to  a  larger  one  later^  but  that  owing  to  the  scale 
on  which  it  is  proposed  to  found  and  maintain  this  small  estabhsh- 
ment,  no  larger  appropriation  is  contemplated  as  necessary  for  many 
years  at  least. 

He  stated  that  if  Congress  saw  fit  to  make  the  appropriation  asked 
for,  even  if  it  did  not  set  apart  a  site  in  the  Zoological  Park  for  the 
observatory,  it  would  be  desirable  for  the  Board  of  Regents  to  take 
action  in  accordance  with  the  suggestions  made  in  his  estimates  and 
annual  report. 

On  motion,  it  was — 

Resolvedj  That  if  an  appropriation  should  be  made  by  Congress  for 
the  maintenance  of  an  astro-physical  observatory  under  the  direction 
of  the  Smithsonian  Institution,  the  Regents  will  expend  for  this  pur- 
pose from  money  already  donated  to  them  $10,000  for  the  construction 
of  buildings  for  said  observatory  whenever  a  suitable  site  shall  be  desig- 
nated by  Congress  and  obtained  for  the  purpose,  and  will  present  to  it 
suitable  apparatus  of  the  most  recent  construction,  now  in  their  charge, 
to  the  value  of  not  less  than  $5,000. 

The  secretary  stated  that  the  following  bill  had  been  passed  in  the 
Senate  of  the  United  States  on  the  5th  of  April,  1890: 

AN  ACT  to  provide  for  the  erection  of  au  additional  fireproof  bailding  for  the 

National  Mnseom. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  assembled^  That  for  an  additional  fire- 
proof building  for  the  use  of  the  National  Museum,  three  hundred  feet 
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square,  with  two  stories  and  a  basement,  to  be  erected  by  the  Super* 
vising  Architect  of  the  Treasury,  under  the  direction  of  the  Begenta 
of  the  Smithsonian  Institution,  in  general  accordance  with  plans  now 
on  file  with  the  Committee  on  Pubfic  Buildings  and  Grounds,  on  th€ 
southwestern  portion  of  the  grounds  of  the  Smithsonian  Institution, 
there  shall  be  appropriated,  out  of  any  moneys  in  the  Treasury  not 
otherwise  appropriated,  the  sum  of  five  hundred  thousand  dollars; 
said  building  to  be  placed  west  of  the  Smithsonian  Institution,  with 
its  north  front  on  a  line  with  the  north  front  of  the  present  Museum 
building,  and  constructed  as  far  as  practicable,  after  proper  advertise- 
ment, by  contract  or  contracts,  awarded  to  the  lowest  responsible  bid- 
der, and  all  expenditures  for  the  purposes  herein  mentioned  shall  be 
audited  by  the  proper  officers  of  the  Treasury  Department. 

The  Committee  on  Public  Buildings  in  the  House  of  Eepresentatives 
had  made  on  the  9th  of  January,  1891,  a  favorable  report  on  this  bill, 
and  it  had  been  submitted  to  the  House  as  follows : 

The  Committee  on  Public  Buildings  and  Grounds,  to  whom  was  re- 
ferred the  bill  (S.  2740)  for  the  erection  of  an  additional  fireproof  build- 
ing for  the  National  Museum,  submit  the  following  report: 

To  demonstrate  the  pressing  necessity  for  additional  accommodations 
for  the  vast  amount  of  materials  which  has  been  accumulated  for  ex- 
hibition in  the  National  Museum  it  will,  perhaps,  be  sufficient  to  pre- 
sent the  communication  of  the  Secretary  of  the  Smithsonian  Institution. 

It  may  also  be  stated  that  in  view  of  acquiring  a  large  quantity  of 
the  exhibit  of  the  World's  Fair  of  1892,  as  was  the  case  in  the  exhibi- 
tion of  1876,  such  material  being  presented  by  various  foreign  countries, 
tbe  pressing  necessities  are  clearly  demonstrated. 

Your  committee  therefore  recommend  the  passage  of  the  bill  as 
amended. 


Smithsonian  Institution,  U.  S.  National  Museum, 

Washington,  April  29 ^  1890. 

Sir:  I  have  the  honor  to  lay  before  you  certain  considerations  set- 
ting forth  the  necessity  of  an  additional  building  for  the  National 
Museum  and  respectfully  request  your  attention  to  them  and  your 
recommendation  to  Congress  that  the  money  necessary  fortius  purpose 
be  appropriated. 

A  set  of  provisional  plans  for  the  proposed  new  building  has  already 
been  prepared,  and  I  understand  that  these  are  in  the  possession  of 
your  committee.  Tliey  have  been  prepared  with  the  utmost  care  and 
represent  the  results  of  exhaustive  study,  which  has  extended  over 
several  years,  of  the  plans  of  the  best  modem  museum  buildings  iu 
Europe  and  America,  nearly  all  of  which  have  been  personally  inspected 
by  officers  of  the  Smithsonian  Institution. 

The  proposed  building  will  contain  about  220,000  square  feet  and 
i\\Q  net  area  available  for  exhibition  space  and  for  storage  and  office 
room  would  be  between  five  and  six  acres.  The  exhibition  space  would 
thus  be  nearly  three  times  as  great  as  in  the  present  buildings,  in 
which  only  80,000  square  feet  are  available  both  for  exhibition  and 
storage  purposes. 

The  total  cost  of  the  present  building  was  $315,400,  including  expen- 
ditures for  steam-heating  apparatus,  marble  floors,  water  and  gas 
fixtures,  and  electrical  apparatus. 
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The  proposed  building  cau,  I  believe,  be  constmcted  at  a  propor- 
tionately  smaller  cost.  I  am  not  prepared  to  state  the  exact  sum  which 
would  be  necessary  for  its  completion ;  but,  from  estimates  already  fur- 
nished by  responsible  contractors,  I  feel  sure  that  $500,000,  if  not  suffi- 
cient to  complete  it,  would  be  all  that  would  be  required  to  be  expended 
during  the  present  year,  and  I  would  earnestly  urge  the  desirability  of 
appropriating  this  amount  for  the  iiurpose  in  question. 

The  necessity  for  a  new  Museum  building  is  caused  by  the  large  in- 
crease in  the  accessions  to  the  collections.  In  1882,  the  first  year  of 
active  work  in  the  present  building,  the  Museum  contained  less  than 
195,000  specimens.  This  number  has  now  been  increased  to  nearly 
3,000,000  specimens,  and  the  increase  during  the  past  eight  years  has 
been  more  than  half  as  large  again  as  during  the  x>revious  twenty-one 
years. 

The  collections  of  the  Suuthsonian  Institution  and  of  the  Govern- 
ment are  especially  rich  in  representations  of  the  natural  history  of 
this  country.  A  carefid  estimate  made  at  the  end  of  the  last  fiscal 
year  showed  that  there  were  at  that  time  in  the  zoological  collections 
1,850,721  specimens,  in  the  botanical  collections  48,637  specimens^  in 
the  geologi^l  collections  106,760  specimens,  in  the  paleontological 
collections  172,640  specimens,  in  the  anthroi)ological  collections  651,868 
specimens,  and  in  the  various  collections  illustrating  the  arts  and 
industries  43,540  specimens.  Since  this  estimate  was  made,  it  is  prob- 
able that  more  than  50,000  specimens  of  all  kinds  have  been  received. 

The  natural-history  collections  include  the  zoological  collections, 
the  botanical  collections,  and  the  geological  collections,  in  which  are 
contained  not  only  all  the  geological  and  mineralogical  specimens,  but 
also  the  greater  portion  of  the  paleontological  material,  the  study  of 
fossil  animals  and  plants  forming  an  essential  feature  of  modem  geo- 
logical work. 

The  anthropological  collections  illustrate  the  history  of  mankind  at 
all  periods  and  in  every  land  and  also  serve  to  explain  the  develop- 
ment of  all  human  arts  and  industries.  There  are  in  addition  consid- 
erable collections  illustrating  the  processes  and  products  of  the  various 
arts  and  industries,  as  well  as  the  historical  collections,  which  are  of 
especial  interest  to  a  very  large  number  of  the  visitors  to  the  Museum 
on  account  of  the  associations  of  the  objects  exhibited  with  the  personal 
history  of  representative  men  or  with  important  events  in  the  history 
of  America. 

It  is  alflo  noteworthy  that  among  the  accessions  of  more  recent  years 
many  collections  of  great  extent  have  been  received.  Among  these  are 
the  bequest  of  Dr.  Isaac  Lea,  of  Philadelphia,  which  contains  20,000 
specimens  of  shells,  besides  minerals  and  other  objects;  the  Jeffries 
coUection  of  fossil  and  recent  shells  of  Euroi>e,  including  40,000  sjmci- 
mens ;  the  Stearns  collection  of  mollusks,  numbering  100,000  specimens ; 
the  Riley  collection  of  insects,  containing  50,000  specimens;  the  Gatlin 
coUection  of  Indian  paintings,  and  the  collection  of  the  American  In- 
stitute of  Mining  Engineers. 

In  addition  may  also  be  mentioned  the  extensive  collection  obtained 
at  the  Fisheries  Exhibitions  at  Berlin  and  London,  at  the  New  Orleans 
Cotton  Centennial  Exiwsition,  and  at  the  Ohio  Valley  and  Central 
States  Exposition.  To  these  may  be  added  the  collections  received 
annually  from  U.  S.  Fish  Commission,  the  Geological  Survey,  the 
Bureau  of  Ethnology,  and  from  many  other  Gk)vernment  departments 
and  bureaus.  These  are  very  extensive  and  are  yearly  increasing  in 
bulk  and  value. 


Digitized  by  VjOOQ IC 


XVI  JOURNAL   OP   PROCEEDINGS. 

There  is  iu  the  present  Maseam  Building  no  exhibition  space  av 
able  for  the  collection  of  reptiles,  mollusks,  insects,  marine  invei 
brates,  vertebrate  and  invertebrate  fossils :  and  the  space  now  afibr< 
for  the  exhibition  of  the  vast  collections  of  fishes,  birds'  eggs,  plant 
fossil  and  recent — and  the  geological  collections,  aggregating  not  1 
than  360,000  specimens,  is  entirely  inadequate. 

In  a  letter  addressed  in  1888  to  the  chairman  of  the  Senate  Comii 
tee  on  Public  Buildings  and  Grounds  I  endeavored  to  demonstrate  i 
remarkable  increase  which  had  characterized  the  growth  of  the  i 
lections  in  the  National  Museum,  and  I  there  stated  that  in  the  f 
years  between  1882  and  1887  the  number  of  specimens  in  the  collecti 
had  multiplied  no  less  than  sixteen  times.  Since  1887  the  pressure 
additional  room  has,  of  course,  grown  greater,  and  during  the  last  y< 
it  has  become  necessary  to  decline  many  offers  of  collections  for  w^ 
not  only  of  exhibition  space,  but  even  of  storage  room  where  they  m 
be  temporarily  cared  for. 

The  armory  building,  which  for  more  than  ten  years  had  been  us 
by  the  Museum  for  storage  purposes,  is  now  entiiely  occupied  by  t 
U.  S.  Fish  Commission,  with  the  exception  of  four  rooms,  used  by  soi 
of  the  Museum  taxidermists,  who  are  now  working  in  very  contract 
space,  and  whom  it  is  impossible  to  accommodate  elsewhere. 

Every  space  is  now  filled  to  its  utmost  capacity,  and  no  more  colh 
tions  of  any  considef able  extent  can  be  received  until  additional  roc 
is  provided  for  their  reception. 

In  a  few  words  it  may  be  stated  that  for  exhibition,  storage,  ai 
laboratory  space  316,400  square  feet  are  needed  instead  of  100,0 
square  feet,  which  now  constitute  the  available  area  for  all  of  the 
purposes. 

In  conclusion,  I  reaffirm  without  hesitation  that  unless  addition 
space  is  provided  it  will  be  impossible  to  take  any  further  importai 
steps  toward  the  improvement  of  the  Government  collections. 
Your  obedient  servant, 

S.  P.  Langley, 

Secretary, 

Hon.  Seth  L.  Milliken, 

Chairman  of  the  Committee  on  Public  Buildings 

and  Grounds,  House  of  Representatives. 

In  view  of  the  probability  of  the  passage  by  Congress  of  the  bi 
providing  for  a  new  building  for  the  Museum,  it  was — 

Resolved,  That  the  Executive  Committee  of  the  Board  of  Regents,  ( 
a  majority  thereof,  and  the  Secretary,  be,  and  they  are  hereby,  autlu 
rized  and  empowered  to  act  for  and  in  the  name  of  the  Board  of  Regent 
in  carrying  into  effect  the  provisions  of  any  act  of  Congress  that  ma 
be  passed  providing  for  the  erection  of  a  new  building  for  the  Unite 
States  National  Museum. 

A  memorial  was  read  from  Doulton  &  Co.,  of  London,  England 
calling  attention  to  the  deposit  in  the  institution  in  1876  of  certai 
articles  of  terra-cotta,  the  principal  one  being  the  colossal  grou 
'^America,"  a  copy  of  one  of  the  marble  groups  by  Bell  on  the  pedesta 
of  the  Albert  Memorial  Monument  in  Kensington,  and  asking  that  th 
Board  of  Regents  be  pleased  to  recommend  to  the  Government  tha 
an  appropriation  be  made  for  the  purchase  of  the  goods  now  iu  thei 
possession. 
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The  whole  subject  had  been  carefully  considered  by  the  Executive 
Committee  and  was  now  submitted  to  the  Board  without  recommenda- 
tion. 

After  some  discussion  and  inquiries  by  members  of  the  Board  of  the 
Secretary  and  Chairman  of  the  Executive  Committee  as  to  the  value 
of  the  articles  as  works  of  art  and  the  desirability  of  their  acquisition 
for  the  Institution,  it  was — 

Resolved^  That  the  memorial  of  Doulton  &  Co.  be  re-referred  to  the 
Secretary  with  power  to  act. 

The  Secretary  stated  that  he  had  been  authorized  by  the  President, 
the  Vice-President,  the  Chief- Justice,  and  other  members  of  the  Estab- 
lishment to  ask  for  legislation  the  efiect  of  which  would  be  to  modify 
the  organic  act  so  that  the  '^  Establishment"  would  consist  of  these  high 
officials  and  of  all  the  heads  of  Departments. 

The  proposed  change    .    .    .    is  covered  by  the  following  words: 

Be  it  enactedy  etc.,.  That  '^  An  act  to  establish  the  Smithsonian  Insti- 
tution for  the  increase  and  diffusion  of  knowledge  among  men,"  ap- 
proved August  10, 1846,  Revised  Statutes,  Title  lxxiii,  be,  and  the 
same  is  hereby,  amended  in  section  5579  of  said  act,  by  striking  out 
the  words,  "  the  Secretary  of  State,  the  Secretary  of  the  Treasury,  the 
Secretary  of  War,  the  Secretary  of  the  Navy,  the  Postmaster-General, 
the  Attorney-General,  the  Commissioner  of  tne  Patent-Office,  and  the 
Governor  of  the  District  of  Columbia,  and  such  other  persons  as  they 
may  elect  honorary  members,"  and  inserting  the  words,  "the  heads  of 
Executive  Departments,"  so  that  the  section  will  read: 

Sec.  5579.  The  President,  the  Vice-President,  the  Chief-Justice, 
and  the  heads  of  Executive  Departments  are  hereby  constituted  an 
establishment  by  the  name  of  the  "  Smithsonian  Institution"  for  the 
increase  and  diffusion  of  knowledge  among  men;  and  by  that  name 
shall  be  known  and  have  perpetual  succession,  with  the  powers,  limi- 
tations, and  restrictions  hereinafter  contained,  and  no  other. 

The  Secretary  stated  that  in  accordance  with  the  instructions  given 
him  at  the  last  meeting  of  the  Board  he  had  prepared  the  following 
memoranda  relative  to  the  re-imbursement  of  money  expended  by  the 
Institution  for  the  Governmental  system  of  exchanges. 

[Memorandam  relative  to  the  re-imbursement  of  the  Smithsonian  fund  for  expend!- 
tures  on  account  of  Government  exchanges.] 

At  a  meeting  of  the  Board  of  Regents  of  the  Smithsonian  Institution 
on  January  8, 1890,  it  was 

Resolved^  That  the  Eegents  instruct  the  Secretary  to  ask  of  Congress 
legislation  for  therepajrmentto  the  Institution  of  the  amount  advanced 
from  the  Smithsonian  fund  for  Governmental  service  in  carrying  on  the 
exchanges. 

In  pursuance  of  this  instruction  the  Secretary  has  the  honor  to  sub- 
mit the  following  statement: 

Under  the  act  of  Congress  accepting  a  donation  from  James  Smith- 
son  for  "the  increase  and  diffusion  of  knowledge  among  men,"  and  giv- 
ing effect  to  this  trust  by  the  foundation  of  the  Smithsonian  Institution, 
the  Board  of  Regents  in  1851  established  a  system  of  international  ex- 
H.  Mis,  a34,  pt  1 II 
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cbatige  of  the  Transactions  of  learned  societies  and  like  works;  but,  in 
addition  to  such  publications,  it  voluntarily  transported  between  1851 
and  1867  somewhat  over  20,000  packages  of  publications  of  the  bu- 
reaus of  the  National  Government  at  an  estimated  cost  to  the  private 
funds  of  the  Institution  of  about  $8,000.  This  however  was  understood 
to  be  a  voluntary  service,  and  no  request  for  its  reimbursement  has 
been  made  or  is  contemplated. 

Congress  however  in  1867,  by  its  act  of  March  2,  imjiosed  upon  the 
Institution  the  duty  of  exchanging  fifty  copies  of  all  documents  printed 
by  order  of  either  House  of  Congress  or  by  the  United  States  Govern- 
ment or  bureaus,  for  similar  works  published  in  foreign  countries,  and 
especially  by  foreign  governments. 

The  Institution  possessed  special  facilities  and  experience  for  such 
work,  the  propriety  of  its  undertaking  which,  in  the  interests  of  the 
Government,  is  evident;  but  it  was  hardly  to  have  been  anticipated 
that  the  Government  should  direct  this  purely  administrative  service 
and  make  no  appropriation  for  its  support.  Such  however  was  the 
case,  and  with  the  exception  of  a  small  (presently  to  be  noted)  sum,  re- 
turned by  some  bureaus,  it  was  wholly  maintained  during  the  next 
thirteen  years,  or  until  the  first  appropriation  to  the  Institution  for 
Exchanges  in  1881,  at  the  exi)ense  of  the  private  fund  of  James  Smith- 
sou. 

From  January  1, 1868,  to  June  30,  1886, 292,483  packages  containing 
these  official  Government  publications,  having  little  to  do  with  the 
object  to  which  Congress  devoted  the  Institution's  privati*.  funds,  were 
transported  by  the  exchange  bureau  at  a  pro  rata  cost  of  $92,943,36, 
of  which  $29,706.85  accrued  between  1881,  when  the  first  specific  appro- 
priation was  made,  and  1886.  Of  this  $92,943.36,  $19,302.35  was  re- 
turned from  various  departments  and  bureaus,  leaving  a  balance  of 
$73,641.01  expended  in  carrying  exclusively  governmental  publications. 

What  has  preceded  refers  to  the  transportation  of  official  documents, 
and  not  to  that  of  Transactions  of  learned  societies  and  other  like  works ; 
but  it  is  now  necessary  to  mention  that  in  1878  the  honorable  Secretary 
of  State  designated  the  Smithsonian  Institution  as  the  special  agent 
of  the  United  States  Government  for  carrying  out  the  provisions  of  an 
international  convention  at  Paris,  which  made  the  respective  Govern- 
ments assume  the  cost,  not  only  of  the  transportation  of  official 
documents,  but  of  scientific  and  literary  publications  between  the 
States  interested,  and  it  would  seem  that  Congress  itself  adopted  this 
view  of  its  responsibility,  for  from  July  1, 1881,  to  June  30, 1886,  while 
the  Congressional  and  bureaucratic  exchange  represent (h1  a  pro  rata 
cost  of  $29,706.85,  and  the  scientific  publications  $39,034.90,  Congress 
appropriated  directly  $35,500 — somewhat  more  than  the  cost  of  the 
Government  exchange,  but  leaving  a  balance  of  $3,534.90  for  scientific 
and  literary  exchanges  unpaid.  This  latter  sum,  $3,534.90,  added  to 
the  $73,641.01  mentioned  above,  makes  a  total  of  $77,175.91  for  which, 
in  equity,  repayment  might  be  requested. 

Ixx  188i5,  on  the  15th  of  March,  plenipotentiaries  of  the  United  States 
and  various  other  nationalities  signed  a  convention,  more  formal  than 
that  at  Paris,  by  which  the  respective  Governments  definitely  assumed 
the  exchange  of  official  documents  and  scientific  and  literary  publica- 
tions between  the  states  interested. 

The  Institution  prefers  to  adopt  the  latter  date  as  a  basis  for  its  re- 
quest rather  than  the  earlier  date,  though,  as  mentioned  above,  equity 
would  seem  to  allow  it  the  entire  sum  expended  for  exchanges,  at  least 
3ince  it«  official  recognition  by  Congress  in  1881  as  the  Govenimeut 
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exchange  agent.  No  claim  for  the  exchange  of  a  purely  scientific 
character  is  made  for  the  years  1881  to  1886,  so  that  the  $35,500  that 
Congress  appears  to  have  appropriated  for  this  end  is  treated  as  hav- 
ing a  retro-active  effect,  and  this  amount  deducted  from  the  crude  obli- 
gation of  $73,641.01  leaves  $38,141.01  as  the  amount  due  the  private 
ftmd  of  James  Smithson  from  1868  to  1886. 

Considering  separately  the  period  from  July  1, 1886,  to  June  30, 1889, 
we  find  that  the  amount  expended  in  these  years  under  the  direction 
of  the  Smithsonian  Institution  on  account  of  international  exchanges 
was  $47,126.66;  of  this  sum  $37,000  were  paid  by  Congressional  appro- 
priations, $3,091.75  were  paid  by  Government  Departments  and  others, 
and  the  balance,  $7,034.81,  by  the  Smithsonian  Institution. 

The  action  of  the  Board  of  Regents  contemplates  the  presentation  to 
Congress  of  a  request  to  return  to  the  Smithsonian  fund  the  sums  here 
shown  to  have  been  expended  in  the  interests  and  by  the  authority  of 
the  National  Government,  namely,  $38,141.01  in  excess  of  appropria- 
tions advanced  from  January  1, 1868,  to  June  30, 1886,  for  the  exchange 
of  official  Government  documents,  and  $7,034.81  in  excess  of  appropri- 
tions  from  July  1, 1886,  to  June  30, 1889,  advanced  for  the  purpose  of 
carrying  out  a  convention  entered  into  by  the  United  States,  or  an 
aggregate  of  $45,175.82. 

DEAPT  OP  BILL. 

Be  it  enaeted  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  a^sembledy  That  the  following  sums  be,  and 
the  same  are  hereby,  appropriated,  out  of  any  moneys  in  the  Treasury 
not  otherwise  appropriated,  in  repayment  of  moneys  expended  from 
the  Smithsonian  fiind  in  exchanging  with  foreign  countries  the  official 
Xmblications  of  the  XTnited  States  Government,  and  in  carrying  out  the 
provisions  of  a  convention  for  the  exchange  of  literary  and  scientific 
publications  signed  by  a  representative  of  the  United  States  at  Brus- 
sels, March  fifteenth,  eighteen  hundred  and  eighty-six,  namely: 

Sec.  2.  For  exchanging  the  official  publications  of  the  United  States 
Government  from  eighteen  hundred  and  sixty-eight  to  eighteen  hundred 
and  eighty-six,  as  provided  for  by  resolution  seventy-two.  Fortieth 
Congress,  second  session,  the  sum  of  thirty-eight  thousand  one  hundred 
and  forty-one  dollars  and  one  cent. 

Sec.  3.  For  exchanging  from  July  first,  eighteen  hundred  and  eighty- 
six,  to  June  thirtieth,  eighteen  hundred  and  eighty-nine,  official  docu- 
ments and  scientific  and  literary  publications,  as  provided  for  by  the 
"  convention  between  the  United  States  of  America,  Belgium,  Brazil, 
and  other  nations,''  concluded  at  Brussels  March  fifteenth,  eighteen 
hundreil  and  eighty-six,  the  sum  of  seven  thousand  and  thirty-four 
dollars  and  eighty-one  cents;  in  all,  forty- five  thousand  one  hundred 
and  seventy-five  dollars  and  eighty-two  cents. 

The  foregoing  memoranda  had  been  placed  in  the  hands  of  one  of 
Eegents  in  the  House  of  Representatives,  to  present  whenever  it  was 
deemed  advisable,  but  no  action  had  as  yet,  so  far  as  the  Secretary 
was  informed,  been  taken. 

The  Secretary  informed  the  Board  that  the  executors  of  the  lat^  Dr. 
Jerome  H.  Kidder  had  refunded  $100  to  the  Institution,  which  had 
been  paid  by  the  latter  for  legal  services  in  relation  to  the  bequest  of 
Dr.  Kidder  to  the  Smithsonian,  and  the  family  of  the  testator  did  nr ' 
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desire  that  "the  action  of  the  Eegents  in  regard  to  the  bequest  should 
be  attended  by  any  financial  burden  to  the  Institution". 

The  announcement  was  made  that  a  bequest  of  a  medical  library 
had  been  made  to  the  Institution  by  Dr.  Jonathan  B.  Bailey,  of  Olm- 
stead,  Ky.,  but  the  books  had  not  yet  been  received. 

A  letter  of  thanks  was  submitted  from  Mrs.  Cox,  thanking  the  Board 
for  the  resolutions  transmitted  to  her  in  regard  to  the  death  of  her 
husband,  the  late  honorable  Samuel  S.  Cox. 

The  Secretary  presented  his  annual  report  for  the  year  ending  June 
30, 1890,  which,  in  accordance  with  the  instructions  of  the  Board,  had 
been  printed  and  distributed  to  the  Eegents. 

On  motion  the  report  was  accepted. 

Dr.  Welling  presented  the  foUowiug: 

Whereas,  The  late  Greorge  Bancroft  was  for  several  years  a  member 
of  the  Board  of  Regents  of  the  Smithsonian  Institution,  and  rendered 
useful  service  on  its  executive  committee:  Therefore,  be  it 

Besolvedj  That  while,  for  obvious  reasons  of  propriety,  we  should 
abstain  at  this  time  and  in  this  place  from  any  full  or  formal  commemo- 
ration of  the  manifold  titles  to  distinction  which  clustered  around  the 
head  of  our  late  illustrious  colleague,  we  can  not  forbear  from  testifying 
the  special  gratitude  we  owe  to  him  for  the  interest  he  ever  took  in  the 
welfare  of  this  Institution,  nor  can  we  forbear  from  associating  our- 
selves with  the  grief  of  his  fellow-citizens  throughout  the  length  and 
breadth  of  the  land,  now  that,  in  the  fullness  of  his  years  and  in  the 
ftiUness  of  his  honors,  he  has  been  called  to  rest  from  the  labors  which 
brought  to  him  such  a  revenue  of  fame,  alike  in  the  walks  of  high 
executive  administration,  of  diplomacy,  and  of  literature. 

The  resolution  was  adopted  by  a  rising  vote. 
On  motion,  the  Board  then  adjourned  sine  die. 
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REPORT  OP  THE  EXECUTIVE  COMMITTEE  OF  THE  BOARD  OF  REGENTS 
OF  THE  SMITHSONIAN  INSTITUTION. 


FOR  THE  YEAR  ENDING  JUNE  80, 1891. 


To  the  Board  of  Regents  of  the  Smithsonian  Institution: 

Your  executive  committee  respectfully  submits  the  following  report 
in  relation  to  the  funds  of  the  Institution,  the  appropriations  by  Con- 
gress, and  the  receipts  and  expenditures  lor  the  Smithsonian  Institution, 
the  XJ.  S.  National  Museum,  the  International  Exchanges,  the  Bureau 
of  Ethnology,  the  National  Zoological  Park,  the  purchase  of  the  Per- 
kins collection  of  prehistoric  copper  implements,  the  payment  to  daugh- 
ters of  the  late  Prof.  Joseph  Henry,  and  the  purchase  of  the  Capron 
collection  of  works  of  Japanese  art,  for  the  year  ending  30th  June,  1891, 
and  balances  of  former  years. 

SMITHSONIAN  INSTITUTION. 

Condition  of  the  fund  July  i,  1891. 

The  amount  of  the  bequest  of  James  Smithson  deposited  in  the  Treas- 
ury of  the  United  States,  according  to  act  of  Congress  of  August  10, 
1846,  was  $516,169.  To  this  was  added  by  authority  of  Congress  Feb- 
ruary 8, 1867,  the  residuary  legacy  of  Smithson,  savings  from  income 
and  other  sources,  to  the  amount  of  $134,831. 

To  this  also  has  been  added  a  bequest  from  James  Hamilton,  of  Penn- 
sylvania, of  $1,000;  a  bequest  of  Dr.  Simeon  Habel,  of  New  York,  of 
$500,  and  the  proceeds  of  the  sale  of  Virginia  bonds,  $51,600,  making 
in  aU,  as  the  permanent  Smithson  fund,  $703,000. 

Statement  of  the  receipte  and  expenditures  from  July  1, 1890 ^  to  June  SOf  1891, 

RECEIPTS. 

Cash  on  hand  Joly  1, 1890,  including  cash  from  executors  of 

Dr.  Jerome  H.Kidder, $5,000,  and  from  Dr.  Alex.   Graham 

Boll,  for  astro-physical  research,  $5,000 $30, 192. 66 

Interest  on  fund  July  1, 1890 $21,090.00 

Interest  on  fund  January  1,1891 21,090.00 

42,180.00 

72,572.65 

Cash  from  sales  of  puhlications 418. 36 

Cash  fromj^payments  of  freight,  etc 6, 344. 01 

6,762.37 

Total  receipts 79,136.02 
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KXPENDITURK8. 

Building : 

Repairs,  care,  and  improvementB $1, 972. 71 

Furniture  and  fixtures * 837.36 

$2,810.07 

General  expenses : 

Meetings 319.50 

Postage  and  telegraph 325. 70 

Stationery * 412.63 

General  printing  ...  * **...*...* *  * .  759. 51 

Incidentals  (fuel, gas, etc.) 2,274.36 

Library  (books,  periodicals,  etc. ) 1, 660. 87 

Salaries* 18,322.21 

24,074.78 

Publications  and  research : 

Smithsonian  Contributions 318. 82 

Miscellaneous  Collections 1, 429. 44 

Reports 1,217.29 

Researches 800.00 

Apparatus 3,612.45 

Explorations 57.40 

Museum 871.03 

Zoological  park 499. 42 

8,805.85 

Literary  and  scientific  exchanges 3,382.21 

Total  expenditures $39,072.91 

Balance  unexpended  June  30,  1891 40,062.11 

The  cash  received  from  sales  of  publications,  repayments  for  freight, 
etc.,  is  to  be  credited  on  items  of  expenditure,  as  follows : 

Stationery $2. 56 

Postage  and  telegraph 28 

General  printing 75 

Incidentals 528. 68 

Salaries 1,595.96 

Smithsonian  contributions $64.25 

Miscellaneous  collections  310. 25 

Reports 43.86 

418. 36 

Apparatus 111.  50 

Museum 733.21 

Exchanges 3,371.07 

$6,762.37 

The  net  expenditures  of  the  Institution  for  the  year  ending  June  30, 
1891,  were  therefore  $32,310.54,  or  $6,762.37  less  than  the  gross  expen- 
ditures, $3D,072.91,  above  given. 

All  moneys  received  by  the  Smithsonian  Institution  from  interest, 
sales,  refunding  of  moneys  temjwrarily  advanced,  or  otherwise,  are  de- 

*In  addition  to  the  above  $18,322.21  paid  for  salaries  under  general  expenses, 
$1,713.44  were  paid  for  services,  viz,  $1,000.08  from  the  building  account;  $470.04 
from  the  library  account;  $10  from  the  exchange  account;  and  $233.32  from  the 
Smithsonian  Contributions  account. 
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posited  with  the  Treasurer  of  the  United  States  to  the  credit  of  the 
Secretary  of  the  Institution,  and  all  payments  are  made  by  his  checks 
on  the  Treasurer  of  the  United  States. 

Your  committee  also  presents  the  following  statements  in  regard  to 
appropriations  and  expenditures  for  objects  intrusted  by  Congress  to 
the  care  of  the  Smithsonian  Institution : 

INTBRNATIONAL  KXCHANaBS. 

Appropriation  by  CoDgress  for  the  fiscal  year  ending  June  30,  1891,  '*  for 
expenses  of  the  system  ofinternational  exchanges  between  the  United 
States  and  forei^  coontriett  under  the  direction  of  the  Smithsonian 
Institution,  including  salaries  or  compensation  of  all  necessary  em- 
ployes" (sundry  civil  act,  August  30, 1890) $17,000.00 

Expenditures  f  ram  July  i,  1890,  to  June  SO,  1891, 

Salaries  or  compensation : 

1  curator,  12  months,  at  $208.33 $2,499.96 

1  clerk,  7  months,  at  $150 $1,050.00 

5months,  at  $160 800.00 

1,850.00 

1  clerk,  3  months,  at  $110 330.00 

Omonths,  at  $120 1,080.00 

1,410.00 

1  clerk,  3  months,  at  $80 240.00 

9month8,  at$85 765.00 

1,005.00 

1  clerk,  3  months,  at  $75 225.00 

9months,  at$80 720.00 

945.00 

Iclerk,  12  months,  at  $75 900.00 

1  clerk,  3  months,  at  $70 210.00 

9months,  at$75  ...* 675.00 

— 886.00 

1  stenographer,  12  months,  at  $45  . . . » 540. 00 

1  clerk,  9  months,  at  $55 * 495.00 

1  copyist,  3 months,  at  $35 *..        105.00 

Omonths,  at  $45  .* * 360.00 

465.00 

1  copyist,  13  days,  at  $1.50 19. 50 

1  copyist,  10  days,  at  $1 10.00 

Ipacker,  12  months,  at  $75 * 900.00 

Ipacker,  12  months,  at$50....»* 600.00 

llaborer,  3  months,  at  $45 135.00 

9  months,  at  $50 450.00 

585.00 

1  agent  (Germany),  6  months,  at  $83.33i 500.00 

1  agent  (England),  6  months,  at  $41.66| 250. 00 

6  months,  at  $50 .-        300.00 

550.00 

Total  salaries  or  compensation ..^.^.  ^.....     14, 159. 46 
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General  expenses : 

Freight $1,298.83 

Packing  boxes 758.16 

Printing  and  binding 189. 05 

Postage 184.58 

.  Stationery  and  supplies 410. 42 

$2,840.54 

Total  expenditures  international  exchanges 17, 000. 00 

NORTH  AMERICAN  ETHNOLOGY. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30, 1891,  ''  for 
continuing  ethnological  researches  among  the  American  Indians,  under 
the  direction  of  the  Smithsonian  Institution,  including  salaries  or  com- 
pensation of  all  necessary  employ^  "  (sundry  civil  act,  August  30, 1890) .  $40, 000. 00 

Balance  July  1,  1890,  as  per  last  annual  report 12, 033. 08 

52,033.08 

The  actual  conduct  of  these  investigations  has  been  continued  by  the 
Secretary  in  the  hands  of  Maj.  J.  W.  Powell,  Director  of  the  Geological 
Survey. 

Ethnology:— Expenditures  July  1, 1890,  to  June  SO,  1891, 

Salaries  or  compensation : 

2  ethnologists,  at  $3,000  per  annum $6,000.00 

1  archaeologist,  at  $2,500  per  annum,  10  months 2, 166. 60 

1  ethnologist,  at  $2,400  per  annum 2,400.00 

1  ethnologist,  at  $2,400  per  annum,  2  months 400. 00 

1  archaeologist,  at  $2,400  per  annum,  2  months 400. 00 

1  ethnologist,  at  $2,000  per  annum,  10  months 1, 666. 60 

1  ethnologist,  at  $1,800  per  annum,  2  months 300. 00 

1  ethnologist,  at  $1,800  per  annum 1,800.00 

1  ethnologist,  at  $1,800  per  annum,  11  months 1, 650. 00 

1  assistant  ethnologist,  at  $1,800  per  annum,  5  months 750. 00 

1  assistant  arohseologist,  at  $1,500  per  annum,  2  months. . .  250. 00 

1  assistant  ethnologist,  at  $1,500  per  annum,  10  months  ...  1, 250. 00 

1  assistant  ethnologist,  at  $1,400  per  annum,  2  months 233. 32 

1  assistant  ethnologist,  at  $1,400  per  annum,  10  months  ...  1, 166. 60 

1  assistant  ethnologist,  at  $1,400  per  annum,  10  months  ...  1, 166. 60 

1  assistant  ethnologist,  at  $1,200  per  annum,  2  months 200. 00 

1  assistant  ethnologist,  at  $1,200  per  annum 1, 200. 00 

1  assistant  ethnologist,  at  $1,200  per  annum,  9  months 950. 00 

1  assistant  ethnologist,  at  $1,200  per  annum,  2  months 200. 00 

1  stenographer,  at  $1,200  per  annum,  10  months 1, 000. 00 

1  stenographer,  at  $1,000  per  annum,  2  months 166. 66 

1  assistant  ethnologist,  at  $1,200  per  annum,  2  months 200. 00 

1  assistant  ethnologist,  at  $1,000  per  annum,  8  months 666. 64 

1  assistant  ethnologist,  at  $900  per  annum,  2  months 150. 00 

1  assistant  ethnologist,  at  $900  per  annum 900.00 

1  ethnologic  aid,  at  $900  per  nnnum,  2  months 150. 00 

1  copyist,  at  $900  per  annum 900. 00 

1  copyist,  at  $900  per  annum,  10  months 750. 00 

1  copyist,  at  $720  per  annum,  2  months 120. 00 

1  copyist,  at  $720  per  annum 720. 00 
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Salaries  or  compensation — Con  tinned. 

1  modeller,  at  $720  per  annum $720. 00 

1  modeUer,  at  $720  per  annum,  10  months 600. 00 

1  modeller,  at  $600  per  annum,  2  mouths 100. 00 

1  clerk,  at  $600  per  annum 600.00 

1  clerk,  at  $600 per  annum,  11  months  24  days 590.00 

1  messenger,  at  $600  per  annum,  8  months  7  days 411. 29 

1  modeller,  at  $480  per  annum,  10  months 400. 00 

1  messenger,  at  $480  per  annum,  3  months  8  days 134. 51 

Unclassified  or  special  jobs  or  contracts 271. 41 

Total  salaries  or  compensation $33, 710. 23 

Miscellaneous : 

Traveling  expenses 2, 354. 76 

Transportation  of  property , 290. 20 

Field  subsistence 115.16 

Field  supplies 310.71 

Field  supplies  for  distribution  to  Indians 93. 54 

Field  material .30 

Laboratory  material 32. 26 

Books  for  library 352.16 

Stationery  and  drawing  material 309. 00 

IlluBtrations  for  reports 840.35 

Office  furniture 439.96 

Office  supplies  and  repairs 193. 41 

Specimens 174.10 

5,505.91 

Total  expenditures 39,216.14 

Bonded  railroad  accounts  settled  by  United  States  Treasury 42. 70 

Total  expenditure  North  American  ethnology 39,258.84 

Balance  July  1, 1891 12,774.24 

Expenditures  reclaseified  hy  euhject-matter. 

Sign  language  and  picture  writing 4, 654. 40 

Explorations  of  mounds,  eastern  portion  of  United  States 4, 978. 58 

Researches  in  archseology,  southwestern  portion  of  the  United 

States 8,497.82 

Researches,  languages  of  North  American  Indians 12, 412. 73 

Salaries,  office  of  Director 4, 202. 46 

Illustrations  for  reports 840. 35 

Researches  among  the  Pueblos 1, 000. 00 

Continirent  expenses 2, 629. 80 

39,216.14 

Bonded  railroad  accounts  settled  by  United  States  Treasury 42. 70 

Total  expenditure  North  American  ethnology 39, 258. 84 

Balance  July  1, 1891 12,774.24 

SUMMARY. 

July  1,  1890:  Balance  on  hand 12,033.08 

Appropriation  for  North  American  ethnology 40, 000. 00 

52,033.08 

Expended 39,258.84 

Balance  on  hand  July  1,  1891 12,774.24 
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Which  balauce  is  deposited  as  follows: 

To  credit  of  disbursing  agents $6, 066. 94 

In  the  United  States  Treasury 6,  707. 30 

Balance  on  hand  July  1,  1891 12,774.24 

NATIONAL  MUSEUM. 

1»RK8KRVATI0N  OF  COLLECTIONS.  JTLY  1,  1890,  TO  JUKE  30,  1»L 

Appropriation  by  Congress  for  the  iiscal  year  ending  June  30,  1891,  **for 
continuing  the  preservation,  exhibition,  and  increase  of  the  collections 
from  the  surveying  and  exploring  expeditions  of  the  Government,  and 
from  other  sources,  including  salaries  or  compensation  of  all  necessary 
employes"  (sundry  civil  act,  Augnst  30,  1890) $140, 000. 00 

Salaries  or  compensation. 

Direction : 

1  Assistant  Secretary  of  the  Smithsonian  Institution,  in  charge  of 

the  U.  S.  National  Museum,  12  months,  at  $:^33.33 $3, 999. 96 

Scientific  staff: 

Icurator,  12  months,  at  $200 1 2,400.00 

1  curator,  12  months,  at  $200 2,400.00 

Icurator,  12  months,  at  $200 2,400.00 

1  curator,  12  mouths,  at  $175 2, 100. 00 

1  curator,  12  months,  at  $175 2,100.00 

1  curator,  12  months,  at  $150 1, 800. 00 

1  curator,  2  months  and  14  days,  at  $150 * 370. 00 

1  curator,  12  months,  at  $100 1, 200. 00 

1  acting  curator,  9  months,  at  $150 1, 350. 00 

1  acting  curator,  12  months,  at  $125 1, 500. 00 

1  assistant  curator,  12  mouths,  at  $133.33 1, 599. 96 

1  assistant  curator,  1  month,  at  $148.33 ;  2  months,  at  $145.33 ;  1  month, 
at  $143.33;  1  month,  at  $142.33;  1  month,  at  $139.33;  1  month,  at 

$137.33;  5month8,  at$133.33 1,667.96 

1  assistant  curator,  3  months,  at  $125 ;  1  month,  at  $50 425. 00 

1  assistant  curator,  12 months,  at$100. 1,200.00 

1  assistant  curator,  6  months  and  25  days,  at $140 ;  2  mouths,  at  $100.  1, 152. 90 

1  assistant,  2  months,  at  $150 800. 00 

1  assistant,  4  months,  at  $80 320.00 

lassistant,  5  months,  at  $65 325  00 

laid,  12  months,  at  $80 960  00 

1  aid,  12  months,  at  $80 * 960.00 

1  aid,  12  months,  at  $75 . * 900.00 

1  aid,  1  month,  at  $75 75. 00 

1  aid,  12  months,  at  $65 * 780.00 

laid,  1  month,  at  $60 60.00 

1  aid,  5  months  and  18  days,  at  $60 336. 00 

1  aid,  7  months  and  14  days,  at  $60 448. 00 

1  aid,  2  months,  at  $50 100. 00 

1  aid,  2  months  and  26  days,  at  $40 113. 55 

1  aid,  9  months  and  20  days,  at  $40 386. 67 

1  aid,  4  months,  at  $40 160.00 

1  collector,  3  months,  at  $200 600. 00 

1  collector,  12  months,  at  $100 1, 300. 00 

1  collector,  9  months  at  $80 720.00 

32,410.04 
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Clerical  staff: 

chief  clerk,  12  months,  at  $175 $2, 


correspouding  clerk,  12  months,  at  $158.33. . . 

registrar,  12  months,  at  $158.33 

disbursing  clerk,  12  months,  at  $100 

draftsman,  12  months,  at  $83.33 

assistant  draftsman,  12  months,  at  $40 

clerk,  10  months,  at  $125;  2  months,  at  $100. 

clerk,  12  months,  at  $115 

clerk,  12  months,  at  $115 

clerk,  12  months,  at  $100 

clerk,  12  months,  at  $90 

clerk,  12  months,  at  $00 

clerk,  12  months,  at  $83.33 

clerk,  8  months,  at  $85 ;  4  months,  at  $75 

clerk,  12  months,  at  $75 

clerk,  12  months,  at  $70 

clerk,  11  months  and  18  days,  ut  $60 

clerk,  15  days,  at  $60 

clerk,  12  mouths,  at  $60 

clerk,  12  months,  at  $60 

clerk,  8  months,  at  $55 ;  4  months,  at  $50 

clerk,  12  months,  at  $55 

clerk,  11  months  and  29  days,  at  $55 

clerk,  12  months,  at  $50 

clerk,  12  months,  at  $50 

stenographer,  10  months  and  25  days,  at  $50 

typewriter,  12  months,  at  $50 

typewriter,  11  days,  at  $60 

copyist,  10  months,  at  $60;  2  months,  at  $40. 

copyist,  12  months,  at  $55 

copyist,  12  months,  at  $50 

copyist,  12  months,  at  $50 

copyist,  12  months,  at  $50 

copyist,  12  months,  at  $50 

copyist,  12  months,  at  $45 

copyist,  12  months,  at  $40 

copyist,  12  months,  at  $40 

copyist,  11  months  and  16  days,  at  $40 

copyist,  27  days,  at  $40 

copyist,  8  months  and  2  days,  at  $40 

copyist,  12  months,  at  $35 

copyist,  12  months,  at  $35 

copyist,  1  month  and  33  days,  at  $30 

copyist,  12  months,  at  $30 

copyist,  12  months,  at  $30 

copyist,  1  month,  at  $30 


Preparators : 

1  artist,  12  months,  at  $110 

1  photographer,  12  months,  at  $158.33. 

1  taxidermist,  12  months,  at  $125 

1  taxidermist,  12  months,  at  $120 

1  taxidermist,  12  months,  at  $80 


100.00 
899.96 
899.96 
200.00 

QQQ  Qfi 

480.00 
450.00 
380.00 
380.00 
200.00 
080.00 
080.00 
999.96 
980.00 
900.00 
840.00 
696.00 

29.03 
720.00 
720.00 
640.00 
660.00 
658.17 
600.00 
600.00 
540.32 
600.00 

21  29 
680.00 
660.00 
600.00 
600.00 
600.00 
600.00 
540.00 
480.00 
480.00 
460.65 

33.55 
322.58 
420.00 
420.00 

62.52 
360.00 
360.00 

30.00 


34,063.95 

1,320.00 
1,899.V(; 
1,5<K).  o> 
1,440.(-* 
960. 00 
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Preparators — Continued. 

1  taxidermist,  12pionths,  at  $60 $72O.O0 

I  assistant  taxidermist,  12  months,  at  $60 720. 00 

1  assistant  taxidermist,  3  months,  at  $40 120. 00 

Ipreparator,  11  months,  at  $100 1,100.00 

Ipreparator,  12  months,  at  $80 960.00 

1  preparator,  12  months,  at  $75 900. 00 

Ipreparator,  12  months,  at  $60 720.00 

1  preparator,  32  days,  at  $50 51. 62 

Ipreparator,  190  days,  at  $3 570.00 

Ipreparator,  15  days,  at  $3.20 48.00 

1  assistant  preparator,  1  month,  at  $66;  1  month,  at  $59;  1  month,  at 
$57.50;  1  month,  at  $57;  1  month,  at  $56.50;  1  month,  at  $55.50;  1 
month,  at  $55 ;  1  month,  at  $52 ;  1  month,  at  $49 ;  1  month,  at  $47.50 ; 

Imonth,  at$451;  mouth,at$44 644.00 

13,673.58 

Buildings  and  labor : 

1  superintendent  of  buildings,  12  months,  at  $137.50 1, 650. 00 

1  assistant  superintendent  of  buildings,  12  months,  at  $90 . . .  ^ 1, 080. 00 

1  chief  of  watch,  12  months,  at  $60 720.00 

1  chief  of  watch,  12  months,  at  $60 720.00 

1  watchman,  12  months,  at  $50 600. 00 

1  watchman,  12  months,  at  $50 600.00 

1  watchman,  12  months,  at  $50 600.00 

1  watchman,  12  months,  at  $50 600. 00 

1  watchman,  12  months,  at  $50 600.00 

1  watchman,  12  months,  at  $50 600.00 

1  watchman,  12  months,  at  $65 780. 00 

1  watchman,  12  months,  at  $50 600.00 

1  watchman,  12  months,  at  $50 600.00 

1  watchman,  12  months,  at  $50 600.00 

1  watchman,  12  months,  at  $50 600.00 

1  watchman,  12  months,  at  $50 600.00 

1  watchman,  8  months,  at  $50 400. 00 

1  watchman,  11  months  and  27  days,  at  $50 593. 55 

1  watchman,  10  months  and  47  days,  at  $45 518. 23 

1  watchman,  11  months  and  28  days,  at  $45 537. 00 

1  watchman,  4  months,  at  $50;  5  months  and  90  days,  at  $45 555. 65 

1  watchman,  9  months,  at  $40 360. 00 

1  skilled  laborer,  12  months,  at  $50 600.00 

1  skilled  laborer,  7  months,  at  $50;  3  months  and  52  days,  at  $40;  10 

days,  at  $2 208.26 

1  skilled  laborer,  7  months,  at  $50 a50.00 

1  skilled  laborer,  106  days,  at  $2 212.00 

1  skilled  laborer,  5  months,  at  $45 ;  27  days,  at  $1.50 265. 50 

1  skilled  laborer,  4  months,  at  $45;  2  months,  at  $46.50;   1  month, 

at  $52.50 325.50 

1  skilled  laborer,  52  days,  at  $2 104. 00 

1  skilled  laborer,  2  months,  at  $45 90.00 

1  laborer,  6  months,  at  $46 ;  3  months,  at  $47.50 ;  3  months,  at  $43. . .  547. 50 

1  laborer,  315  days,  at  $1.50 472.50 

1  laborer,  12  months,  at  $45 540. 00 

1  laborer,  12  months,  at  $40 480. 00 

'laborer,  Hi  days,  at  $1.50 17.25 
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Buildings  and  labor — Continued. 

1  laborer,  3  months,  at  $44.50 ;  2  months,  at  $46 ;  3  months,  at  $43 ; 

3 months, at $41.50;  Imonth,  at$47.50 $526.50 

1  laborer,  24  days,  at  $1.50 36.00 

1  laborer,  2  months,  at  $43 ;  6  months,  at  $40 ;  2  months,  at  $41.50. . .  409. 00 

1  laborer,  10  months,  at  $40;  2  months,  at  $41.50 483.00 

1  laborer,  12  months,  at  $40 480.00 

llaborer,  316  days,  at$1.50 474.00 

1  laborer,  11  months,  at  $40;  1  month,  at  $41.50 481.50 

I  laborer,  276  days,  at  $1.50;  1  month,  at  $47.50;  1  month,  at  $48.. .  509. 50 
1  laborer,  6  months,  at  $39;  1  month,  at  $37.50;  2  months,  at  $40.50; 

2  months,  at  $36;  Imonth,  at  $43.50 468.00 

1  laborer,  316  days,  at  $1.50 474.00 

1  laborer,  9  months,  at  $40 ;  3  months,  at  $41.50 484.50 

llaborer,  11  months  16  days,  at  $40 460.64 

1  laborer,  323  days,  at  $1.50 484.50 

1  laborer,  8  months,  at  $40;  2  mouths,  at  $41.50;  1  month,  at  $38.39.  401. 39 

1  laborer,  261  days,  at  $1.50 391.50 

llaborer,  27  days,  at  $1.50 40.50 

1  laborer,  20f  days,  at  $1.50 31.13 

1  laborer,  4  days,  at  $1.50 6. 00 

1  laborer,  4  days,  at  $1.50 6. 00 

llaborer,  4  days,  at  $1.50 6.00 

1  laborer,  4  days,  at  $1.50 6. 00 

llaborer,  3  days,  at $1.50 4.50 

1  attendant,  12  months,  at  $40 480. 00 

1  attendant,  12  mouths,  at  $40 480.00 

1  cleaner,  12  months,  at  $30 360. 00 

1  cleaner,  12  mouths,  at  $30 360. 00 

1  cleaner,  12  months,  at  $30 360. 00 

1  cleaner,  12  months,  at  $30 360.00 

1  cleaner,  313  days,  at  $1 313. 00 

1  cleaner,  300  days,  at$l 300.00 

1  messenger,  4  months,  at  $25 ;  8  months,  at  $35 380. 00 

1  messenger,  1  month  36  days,  at  $20 43. 65 

1  messenger,  12  months,  at  $45 540. 00 

1  messenger,  12  months,  at  $25 300.00 

1  messenger,  12  mouths,  at  $25 300.00 

1  messenger,  3  months  20  days,  at  $20 72. 90 

1  messenger,  12  months,  at  $35 420. 00 

1  messenger,  12  months,  at  $45 540.00 

1  messenger,  4  months,  at  $20 ;  7  mouths  30^  days,  at  $30 319. 52 

1  messenger,  64  days,  at  $20 41. 70 

1  messenger,  8  months  10  days,  at  $25 208.06 

1  messenger,  8  months,  at  $20 160. 00 

1  messenger,  14  days,  at  $20 9. 08 

1  messenger,  79  days,  at  $1.25 98.75 

31,837.91 

Special  services  by  job  or  contract 1, 315. 28 

Total  services 117,300.52 
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SUMMARY. 

Salaries,  preBervatloD  of  collections,  1891: 

Direction $3,999.96 

Scientific  staflf 32,410.04 

Clerical  staff 34,063.95 

Preparatora 13,673.58 

Buildings  and  labor 31,837.71 

Special  or  contract  work . . .' 1, 315. 28 

Total  salaries  or  compensation $117, 300. 52 

Miscellaneous : 

Supplies 3,052.32 

Stationery 1,653.02 

Specimens 6, 211. 40 

Books  and  periodicals 825.40 

Travel 1,114.78 

Freight  and  cartage 1,862.57 

14,719.49 

Total  expenditure  to  June  30,  1891,  for  preservation  of  collections, 
1891 132,020.01 

Balance,  July  1,  1891,  to  meet  outstanding  liabilities 7, 979. 99 

FURNITURE  AND  FIXTURES,  JULY  1,  1890,  TO  JUNE  30,  18»1. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30, 
1891,  ^'for  cases,  furniture,  fixtures,  and  appliances  required 
for  the  exhibition  and  safe  keeping  of  the  collections  of  the 
National  Museum,  including  salaries  or  compensation  of  all 

necessary  employes  "  (sundry  civil  act,  August  30,  1890) $25, 000. 00 

Salaries  or  compensation : 

1  engineer  of  property,  6  months,  at  $175 ;  6  months,  at  $150.  $1, 950. 00 

1  clerk,  12  months,  at  $75 900.00 

1  copyist,  8  months,  at  $60 ;  4  months,  at  $55 700. 00 

1  cabinetmaker,  299  days,  at  $3 897. 00 

1  carpenter,  1  month  10  days,  at  $91 120. 35 

1  carpenter,  313  days,  at  $3 939. 00 

1  carpenter,  313  days,  at  $3 939. 00 

1  carpenter,  313  days,  at  $3 939. 00 

Icarpenter,  307f  days,  at  $3 923.25 

1  carpenter,  156^  days,  at  $3 469. 50 

1  carpenter,  183i  days,  at  $3 550.50 

1  carpenter,  70^  days,  at  $3 211.  .50 

1  carpenter,  28  days,  at  $3 84. 00 

1  carpenter,  19  days,  at  $3 57. 00 

1  carpenter,  36  days,  at  $3 108.00 

1  painter,  12  months,  at  $65 780. 00 

1  skilled  laborer,  313  days,  at  $2 626.00 

1  skilled  laborer,  256i  days,  at  $2 513. 00 

1  skilled  laborer,  209i  days,  at  $2 418.50 

1  skilled  laborer,  4  months,  at  $50 200. 00 

1  skilled  laborer,  5  months,  at  $50 250.00 

1  skilled  laborer,  3  months,  at  $45;  1  month,  at  $46.50;  1 

month ,  at  $49. 50 231 .  00 

1  skilled  laborer,  8  months,  at  $45;  1  month,  at  $48;  1  month, 

at  $46.50 454.50 
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Salaries  or  compensation — Continued. 

1  laborer,  2  months,  at  $40 $80.00 

1  laborer,  2  months,  at  $40 80. 00 

1  laborer,  3  months,  at  $45 ;  81  days,  at  $1.50 256. 50 

1  laborer,  302  days,  at  $1.75 528.50 

Special  or  contract  service 19. 00 

Total  expenditure  for  salaries  or  compensation $14, 212. 52 

Miscellaneous,  materials,  etc : 

Exhibition  cases 1, 295. 00 

Designs  and  drawings  for  cases 36. 00 

Drawers,  trays,  boxes 448. 08 

Frames,  stands,  etc 330. 52 

Glass -t- 954.56 

Hardware  and  fittings  for  cases 707. 13  . 

Tools 73.67 

Cloth,  cotton,  etc 108. 03 

Glass  jars 61. 92 

Lumber 1,364.05 

Paints,  oils,  and  brushes 565. 40 

Office  furniture 588.22 

Tin,  lead,  and  metals 268. 48 

Rubber  goods 105. 04 

Iron  brackets 87. 10 

Apparatus 84. 50 

Travelling  expenses 5. 00 

Plumbing 14. 24 

7,096.94 

Total  expenditnre,  July  1,  1890,  to  June  30,  1891,  for  furniture  and 

fixtures,  1891 21,309.46 

Balance,  July  1, 1891,  to  meet  outstanding  liabilities 3, 690. 54 

HEATING,  LIOHTING,  ELECTRIC  AND  TELEPHONIC  SERVICE,  JULY  1.  1890.  TO  JUNE 

30,  1891. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30,  1891,  "  for 
expense  of  heating,  lighting,  electrical,  telegraphic,  and  telephonic  serv- 
ice for  the  National  Museum"  (sundry  civil  act,  August  30,  1890) $12,000.00 

Salaries  or  compensation : 

1  engineer,  7  months,  at  $115 $805.00 

1  fireman,  12  months,  at  $50 600.00 

1  fireman,  12  months,  at  $50 600.00 

1  fireman,  10  months,  59|  days,  at  $50 597. 56 

1  fireman,  9  months  5  days,  at  $50 458. 33 

1  fireman,  8  months  15  days,  at  $50 424. 19 

1  fireman,  1  month  14  days,  at  $50 72. 58 

1  telephone  clerk,  12  months,  at  $60 720.00 

1  assistant  telephone  clerk,  12  months,  at  $.'55 420. 00 

1  laborer,  226 days,  at$1.50 339.00 

8i)©cial-8ervice  contract 48. 25 

Expenditure  for  salaries , .5, 084. 91 
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General  expenses: 

Coal  and  wood $2,766.96 

Gas 1,233.84 

Telephones 604.40 

Electric  work 7.30 

Electric  supplies 905. 68 

Rental  of  call  boxes 100. 00 

Heating  repairs  and  work,  beating  nupplieH 448. 95 

Travel 5.42 

$6,072.75 

Total  expenditures,  July  1,  1890,  to  June  30,   1891,  for 
beating,  lighting,  etc $11,  157. 

Balance,  July  1,  1891,  to  meet  outstanding  liabilities .^.  842. 

POSTAGE,  JULY  1,  1800,  TO  JUNE  30,  18»1. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30,  1891,  **  for 
postage  stamps  and  foreign  postal  cards  for  tbe  National  Museum '' 
(sundry  civil  act,  August  30, 1890) $500.i 

City  post-office,  for  postage  and  postal  cards 500.* 

Appropriation  all  expended  July  1, 1891. 

PRINTING,  JULY  1,  1890,  TO  JUNE  30,  1891. 

Appropriation  by  Congress  for  the  fiscal  year  ending  June  30,  1891,  "for 
printing  labels  and  blanks  for  the  use  of  the  National  Museum,  and  for 
'Bulletins'  and  annual  volumes  of  the  *  Proceedings '  of  the  National 

Museum 10, 000.  C 

BuUetin8Nos.36,38,39;  Special  Bulletin  No.  1 $1,100.27 

Proceedings,  Vols,  xn,  xin,  xi v 3, 398. 56 

Extras  from  reports 783.46 

Circulars 3.93 

Labels  for  specimens 2, 438. 81 

Letter  heads,  memorandum  pads,  and  envelopes 170. 21 

Blanks 682.26 

Catalogue  cards 337.85 

Congressional  Records 20.00 

Total  expenditure,  July  1, 1890,  to  June  30,  1891,  for  print- 
ing, National  Museum 8, 935. 3{ 

Balance  July  1,1891 1,064.6£ 

PERKINS  COLLECTION  OF  PREHISTORIC  COPPER  IMPLEMENTS. 

Appropriation  by  Congress  **to  enable  the  Secretary  of  the  Smithsonian 
Institution  to  purchase  from  Frederic  S.  Perkins,  of  Wisconsin,  his  col- 
lection of  prehistoric  copper  implements "  (deficiency  act,  September 
30,1890) 7,000.00 

F.  S.  Perkins,  collection  of  prehistoric  copper  implements 7, 000. 00 

(Paid  direct  by  Treasury  Department  to  F.  S.  Perkins.) 

PAYMENT  TO  DAUGHTERS  OF  THE   LATE  JOSEPH  HENRY,  SECRETARY  OF  THE 
SMITHSONIAN  INSTITUTION. 

Appropriation  by  Congress  "  for  payments  to  the  daughters  of  the  late 
Joseph  Henry,  Secretary  of  the  Smithsonian  Institution,  for  valuable 
public  services  rendered  by  him  "  (sundry  civil  act,  March  3,  1891) 10, 000. 00 

Payment  of  above  direct  by  Treasury  Department  to  Mary,  Helen,  and 
Caroline  Henry,  daughters  of  Prof.  Joseph  Henry ,..,,,,..,,  10, 000. 00 
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PURCHASE  OF  THE  C APRON  COLLECTIOX  OF  JAPANESE  WORKS  OF  ART. 

Appropriation  by  Congress  "  for  the  purchase  of  Hhe  Capron  col!ection  of 
Japanese  works  of  art/  now  on  temporary  deposit  in  the  National  Mu- 
seum, at  Washington,  District  of  Columbia  "  (sundry  civil  act,  March 
3,1891) $10,000.00 

Payment  of  above  direct  to  the  heirs  of  Horace  Capron  by  the  Treasury 
Department 10,000.00 

OTHER  MUSEUM  APPROPRIATIONS. 

PRESERVATION  OF  COLLECTIONS,  1888-'89. 

Balance,  July  1,  1890,  as  per  last  annual  report $15. 18 

Exi>enditure8  from  July  1,  1890,  to  July  1,  1891 : 

SuppUeg   $13.00 

Freight 2.15 

15. 15 

Balance  July  1, 1891 03 

Carried,  under  the  action  of  Revised  Statutes,  section  3090,  by  the  Treasury  De- 
partment, to  the  credit  of  the  surplus  fund,  June  30,1891 : 

PRESERVATION  OF  COLLECTIONS,  1890 

Balance,  July  1, 1890,  as  per  last  annual  report $3, 848. 76 

Expenditures  from  July  1, 1890,  to  July  1, 1891 : 

1  curator,  1  month $100. 00 

1  collector,  4  months,  at  $200 800. 00 

1  copyist,  8  days,  at  $1.50 12. 00 

Special-contract  work 634. 78 

$1,546.78 

Suppl  ies 317. 90 

Stationery 75.79 

Specimens 1,132.50 

Travel 326.39 

Freight 244.27 

Books 190.21 

Expenditure  to  July  1,1891 3,833.84 

Balance,  July  1,  1891 14.92 

Sialement  of  total  expenditures  of  the  appropriation  for  preservation  of  collection s^  1.S90. 

ExpenditureH. 

From  July  1,     From  July  1,     rp  .„, .    t„„^ 

1880,  to  Juno        i890.toJuno      ^"S    «<?,"°*' 

30,1890.  30,1891.        ,        w.  mJi. 

r  ^  " 

Forsalaries i  $118,378.99  $1.546  78  $119,925.77 

Supplies ,  4,952.67  317.90  5.270.57 

SUtionery I  2,307.60  75.79  2.383.39 

Specinens i  5,141.48  1,132.50  0.273.9S 

iWel I  •1,646.42  326.39  1,972.36 

Freight 2.416.92,  244.27  2,661.19 

liooks 1,307.61  190.21  1,497.82 

Total 136,151.69  3,833.84  1        139,985.08 

*  DUallowance,  45  wnta. 

H*  Mis.  334,  pt.  1 III 
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Furniture  and  fxture^y  1S89. 

Balance  as  per  last,  annual  report $0. 40 

Carried  under  the  action  of  Revised  Statutes,  section  3090,  by  the  Treasury  De- 
partment, to  the  credit  of  the  surplus  fund,  June  30,  1891. 

Furniture  anil  fixtures  ^  ISOO. 

Balance  July  1, 1890,  as  per  last  annual  report $1, 192. 11 

Expenditures  from  July  1,  1890,  to  June  30,  1891: 

Special  services $10. 00 

Designs  and  drawings  for  cases 40. 75 

Frames,  stands,  etc 11. 60 

Glass 105.32 

Hardware 353.22 

Tools 4.70 

Lumber 183.21 

Paints ." 43. 55 

Office  furniture 63. 17 

Tin,  lead,  etc 12. 50 

Rubber  goods 19. 41 

Apparatus 339.  75 

Travelling  expenses 4 .95 

Total  expenditure 1,192. 13 

Balance  July  1,  1891 .28 

Statement  of  total  expenditures  of  appropriation  for  furniture  and  fixtures,  1890, 


From  Jalj'  1, 

lH89.toJuno 

30, 1800. 


From  July  1, 

1800.  to  June 

30,1891. 


SaUriea 

Kxhibition  casen 

DesigUB  and  drawhigs  for  cases . 

Drawers,  trays,  and  boxes 

Frames,  stands,  etc 

« JlasR 

Hardware 

Tools 

Cloth,  cotton,  etc 

<  ilass  Jars 

Lumlier 

Paints,  oil,  and  bnisLes 

Office  fumitnre 

Chain*  for  halls 

Tin,  lead,  etc 

Brick  and  plaster 

Rubber  goodH 

Iron  bracket** 

Apparatus 

Travelling  expenses 

Total 


$15, 926. 21 

4, 366. 77 

57.00 

931. 48 

158. 84 

1,875.  .38 

1,291.07 

107.  .S7 

85.97 

39r..  45 

1,  270.  88 

681.68 

605.10 

51.00 

90.08 

98.00 

40.87 

130.  00 

605. 50 

31.95 

$10. 00     i 

40.  75  1 

11.60 

ia5. 32 

35:1.22 

4.70 

i83*2i  1 

43.  55 
63.17  1 

12.50 

io.4i  1 

1 

339.75 
4.95 

28, 807. 59 

1,192.13  , 

Total  to  J n no 
30,1891. 


$15  936.  21 

4, 366.  77 

97.75 

931.  48 

170.44 

1, 08(».  70 

1, 644. 'JO 

112  07 

H,i.97 

3l»5. 45 

1,  4«t).  09 

725.  23 

668.  .!6 

51.00 

103.  48 

08.00 

6;).  2S 

130.00 

915.25 

36.  OJ 


29,  999. 72 


Heating f  lighting ^  etCf  1SS9, 

Balance  as  per  last  annual  report » $3.99 

Carried  under  the  action  of  Revised  Statutes,  section  3090,  by  the  Treasury  De- 
partment to  the  credit  of  the  surplus  fund,  June  30,  1891. 
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REPORT   OF   THE   EXECUTIVE    COMMITTEE.  XXXV 

Heating,  lighting^  etc,  1890. 

Balance  July  1,  1890,  as  per  last  report $2,327.15 

Ex)>euditure8  from  July  1, 1890,  to  June  30, 1891: 

For  gas $74. 60 

For  telephones 201.00 

For  electric  work 60.00 

For  electric  supplies 1, 962. 00 

For  rental  of  call-boxes 20. 00 

For  heating  supplies 7.80 

Total  expenditures 2, 325. 80 

Balance  July  1.  1891 1.85 

Statement  of  total  expenditures  of  appropriation  for  heating,  lighting,  etc,,  1890, 


SalarieH 

Coal  and  wocmI 

Ga« 

Telcphonea 

El«ctrio  work 

Ele«'trio  Hupplie^  — 
Rental  of  call-boxes. 

Heating  repairs 

Heatine  supplies — 
Travelling  expenses 

Total 


From  July  1, 

1890,  to  June 

30,  1891. 


Total  to  Juno 
30, 1891. 


$5,114.87 
2,058.26 
1, 113. 82 
601.05  , 
154.40  I 
110. 09  , 
100.00 
269.25  I 
147. 86 
3.25 


$74.50 

201.00 

60.00 

1,962.00 

20.00 


7.80 


114.87 
058.20 
188.32 
802.05 
214.40 
072.09 
120.00 
269.25 
155.66 
3.25 


{»,C72.85  i 


2, 325. 30 


11, 998. 15 


National  Museum — Printing,  1890. 


Balance  July  1, 1890 

Remaining  in  United  States  Treasury. 


$64.55 


NATIONAL  Z(y>LOGICAL  PARK. 
Organization,  improvement,  and  maintenance. 

Balance  July  1, 1890 $91,081.60 

Expenditures  from  July  1,  1890,  to  June  30,  1891 : 

Shelter  of  animals $13,631.42 

Shelter,  bams,  cages,  fences,  etc 8, 613. 33 

Repairs  to  Holt  mansion,  etc 2.000.00 

Artificial  pouds,  etc .56. 16 

Water  supply,  sewers,  and  drainage 667. 14 

Roads,  walks,  and  bridges 10, 244. 19 

Miscellaneous  supplies 3, 974. 90 

Current  expenses 28,432.52 

67,639.66 

Balance  July  1, 1891 23,441.84 
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XXXVI  REPORT   OF   THE   EXECUTIVE    COMMITTEE. 

Staitment  of  the  total  expenditHren  of  the  appropriation  for  the  National  Zoblogical  Park, 

act  of  ApHl  SOy  1890, 


From  April  30,  |   From  July  1,   U«#^«i  *«  t™ 

1890,  U»  June    1890,  to  J  one  30,^™  woi 

'        30, 1890.  1891.  '**''  ***** 


Shelter  of  animals $43.83  j  $13,631.42 

Shelter,  hams,  cages,  fences,  etc 1 8,643.33 

Kepairs  to  Holt  mansion,  etc 2, 000. 00 

Artificial  ponds,  etc 56. 16 

Water  supply,  sewerage  and  drainage 657. 14 

R<»ada,  walks,  and  hridges 10,244.19 

Miscellaneous  supplies l                 157.57  I  3,974.90 


$13,675.25 
8.M3.33 
2,000.00 
56.16 
657.14 
10,244.10 
4, 132. 47 


Current  expenses 717.10  28,432.52  1         29,149.62 

Total 918.50  67,639.66  68.568,16 


Smithsonian  Institution  building  repairs. 

Appropriation  by  Conjp'ess  "  for  fire-proofing  the  so-called  chapel  6f  the 
west  wing  of  the  Smithsonian  Institution  building,  and  for  repairing 
the  roof  of  the  main  building,  and  the  ceiling  and  plastering  of  the  main 
hall  of  the  building,  said  work  to  be  done  under  the  supervision  of  the 
Architect  of  the  Capitol,  with  the  approval  of  the  Regents  of  the  Smith- 
sonian Institution,  and  no  portion  of  the  appropriation  to  be  used  for 
Hkylighta  in  the  roof  nor  for  well-hole  in  the  floor  of  the  main  building 

(sundry  civil  act,  August  30,  1890) $25,000.00 

Expenditures  from  August  30, 1890,  to  June  30,  1891 : 

Advertising $12. 78 

Iron  roof  and  ceiling  (contract) 1, 620. 00 

Labor 354.86 

Lumber 368.94 

Roofing  materials 41.90 

Stationery,  printing,  etc 5. 50 

Travelling  expenses 10. 25 

2.414.23 

Balance  .Inly  1,  1891 22,585.77 

International  exchanges^  JSSS-IS^O. 

Balance  July  1, 1889 21.80 

Expenditures  from  July  1,  1889,  to  June  30,  1K«H  : 

Freight 21.47 

Balance  June  30,  1891 .33 

Carried  under  the  action  of  Revised  Stsiiutert,  section  3090,  by  the  Treasury  De- 
partment to  the  eredit  of  the  suqdus  fund,  June  30, 1891. 

International  exchanged,  18S9-1S90. 

Balance  July  1,  1890 $11.99 

Expenditures  from  July  1,  1890,  to  June  30,  1891 : 

Freight $11.45 

Stationery  and  supplies 54 

11.99 
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RECAPITULATION. 

The  total  amount  of  funds  administered  by  the  Institution  during 
tbe  year  ending  June  30,  1891,  appears  from  the  foregoing  statements 
and  the  account  books  to  have  been  as  follows: 

SMITHSOXIAX  INSTITUTION. 

From  balance  of  last  year,  July  1,  1890  (including  cash  from 
executors  of  Dr.  J.  H.  Kidder,  $5,000;  including  cash  from 

giftofDr.  Alex.  G.Bell,  $5,000) $30,192.65 

From  interest  on  Smithsonian  fund  for  the  year 42, 180. 00 

From  sales  of  publications 418. 36 

From  repayments  for  freights,  etc 6, 344. 01 

Total $79,135.02 

APPROPRIATIONS   COMMITTKD  BY  CONGRESS  TO  THE   CARK   OF  THE   INSTITUTION. 

International  exchanges : 

From  balance  of  year  1888-'89 $21.80 

From  balance  of  last  year,  July  1,  1889-'90 11. 99 

From  appropriation  for  1890-'91 „.  17,000.00 

Total $17,033.79 

North  American  Ethnology: 

From  balance  of  last  year  (1889-^90),  July  1 ,  1890 12, 033. 08 

From  appropriation  for  1890-'91 40,000.00 

Total 52,033.08 

Preservation  of  collections — Museum : 

From  balance  of  1888-'89 15.18 

From  balance  of  1881^'90,  July  1,  1890 3,846.76 

I-'rom  appropriation  for  1890-'91 140,000.00 

Total 143,863.94 

Printing — Museum : 

J^om  balance  of  July,  1889-'90,  July  1,  1890 64.55 

From  appropriation  of  1800-^91 10, 000. 00 

Total 10,064.55 

Perkin*8  collection  of  prehistoric  copper  implements : 

From  appropriation  for  1890-^91 7, 000. 00 

Total 7,000.00 

Furniture  and  fixtures — Museum : 

From  balance  of  1889-'90,  July  1,  1890 1, 192. 41 

From  appropriation  for  1890-'91 25,  000. 00 

Total 26,192.41 

Heating,  lighting,  etc. — Museum : 

I-^om  balance  of  1888-^89 3.99 

From  balance  of  1889-'90,  July  1,  1890 2, 327. 15 

From  appropriation  for  1890-'91 12, 000. 00 

Total , 14,331.14 

Postage — Musenm : 

From  balance  of  1889-'90,  July  1,1890 500.00 

From  appropriation  for  1890-^91 500. 00 

Total LOO*^ 
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National  Zoological  Park: 

From  Imlauce  or  1880-*90,  July  1,  1890 $91,081.50 

From  appropriation  for  189(V91 50, 500. 00 

ToUl $141,581.50 

Smithaonian  luMtitiition — Building  repairs: 

From  appropriation  for  1800-'91 25,000.00 

Totnl 25, 000.  ('O 

l>anght«r8  of  the  lat«  JoHepli   Henry,  Heoretary  of  the  .SiuitIiK<»uiau  lu- 
Htitution: 

I-Yora  appropriation  March  3,  1891 10, 000. 00 

l*nrchas«  of  the  C-ajiron  collection  of  Japanese  works  of  art: 

VViini  appropriation  March  3,  1891 10, 000. 00 

srMMARY. 

Smithsonian  Institution $79, 135.02 

Kxchangoa 17, 033. 79 

Ethnology 52,083.08 

l*r<^!»t-rvatitm  of  coUectionn 143, 863. 94 

Furniture  an«l  tUturew 26, 192. 41 

lU>at ing  mu\  lighting 14,  331. 14 

lV>t4»gt* 1.000.00 

Friut  ing 10, 064. 55 

IVrVins  ct^llci  tion 7, 000. 00 

Zi>oU>gic«l  jwrk 141, 581. 50 

Sinith.^oui;)n  huihliug  repnirs 25,000.00 

l>augbt*^rs  of  Janeph  Henry 10, 000. 00 

i'aj«>m  c^>U«H»tion 10,000. 00 

537, 235. 43 

The  iH>m!nitt*H>  has  oxamiiied  the  vouchers  for  payments  made  from 
the  Smithsi>iniui  iueome  during  the  year  ending  June  30,  1801,  all  of 
\rhiob  Ih^iv  the  approval  of  the  SiH*i^tary  of  the  Institution,  or,  in  his  ab- 
stnuHS  of  the  Assistant  Sivretary  as  Aeting  Secretary,  and  a  eertifieate 
That  the  materials  and  services  ehargiHl  were  appHed  to  the  purposes 
of  the  institution. 

The  iH>nunitt«*e  has  also  examineil  the  aeeoun;^  i»f  the  '*  International 
Kxehatijcit^s''  and  of  the  **  National  Musemnr  and  of  the  ** National 
/tW>lo3fio;d  rark,**  and  tinds  that  the  habinos  alxne  given  correspond 
wuh  the  tvrtiticates  of  the  disbursing  clerk  of  the  Smithsonian  Insti- 
Tutit^n,  >^luvse  ap|>^uutnuMit  as  such  disbursing  ortiivr  was  accepted  and 
Ins  K>nds  appnnisl  b>  the  Stvivtary  of  the  Trt^asury. 

The  «juarterl^*aiH^>uius  rurivnt,  tljc  vout'hct^  and  journals  have  been 
examnu^l  ;^nd  found  tNM  i^vt. 

A;  the  k»xt  sn^ssiou  ot  t'ouiiivssa  th.^ujiCNxasmade  in  the  phraseology 
of  the  ;r.^*.vA^pnatu>n  m:ub^  t\»r  t*thni»Kv;:u'al  n^siMnhes  (or  the  Bureau 
\\f  K;h;^oltK5>^\  \  Hctvtototv  tlu^  a|»pn>priatiou  x\as  ]»lat*e<l  nnder  the 
d"«n[>'!n^u  of  the  **S*xMx^Tav\  o\  t].«*  Su;uhs<n);an  lusiiintion,''  and  the 
r\e^ur,\eiN*U)nr,T:*v  dtn  uhd  that  it  was  not  Thrir  pix>vini^  to  examine 
l^e  \%v,v  hci^  ;^]th^n\3ch  :hc  aSstn*^  ts  of  e\)w,*l::utvs  and  bahtnce  sheets 
^iNtv  rx'.oVite^l  to  ;^t  iu  *piaMetly.     VhoexiH  ud::un*s  wt;v  ma^ie  by  the 
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disbursinia^  clerk  of  the  Hureaii  of  F^thuology,  ;i  ImukUmI  oflicer  approved 
as  such  by  the  Treasury  Department,  and  hail  tlie  approval  of  Maj. 
Powell,  the  Director  of  tlie  Hureau,  aiul  also  of  the  Secretary  of  the 
Institution. 

Tlie  appropriation  for  181H)-'in  has  been  phiced  by  Confess  *'  untler 
the  direction  of  the  Smithsonian  Institution,''  and  the  committee  de- 
ci<led  that  the  accounts  and  vouchers  sliould  be  <^xamined  by  them  in 
the  same  manner  as  other  expenditures  for  which  the  Regents  of  the 
Institution  are  in  any  defjrre<*  resjmnsible. 

Tlie  disbursement  of  the  balance  of  last  year's  appro]>riation  ha«  c^m- 
tinued  in  the  hands  of  the  disbursinj^  clerk  of  the  Bureau  (Mr.  J.  D. 
McChesney),  but  those  of  the  new  appropriation  will  be  made  by  the 
disbursing  clerk  of  the  Smithsi)iiian  Instjtuticm  (Mr.  W.  \V.  Karr),  ac- 
cepted as  a  bonded  oflicer  by  the  Secretary  of  the  Treasury. 

statement  of  regular  incinHe/roM  the  SmithsonUtu  fhtul  armUihle  for  nse  in  the  pear  ending 

June  .Iff,  is'.tj. 

Balance  on  baud  June  30,  1891  ( iiicliuling  the  i-asli  fnnii  cxecu- 

torsof  Dr.  J.  11.  Kidder,  $.5,000 ;  inrlndiu«j^tli©fa8li  from  Alex. 

Graham  Bell,  $5,000) $40.0(j2.11 

Interest  dae  and  reteivable  July  1, 181)1 $21, 090. 00 

Interest  due  and  receivable  January  1, 1892 21, 090. 00 

42,180.00 

Total  available  for  year  endinj;  Jnne  30,  i8i»2 82, 242.  V 

Respe^'tfuUy  8ubmitte<l. 

James  C.  WELLiNtf, 
Heney  C()PP1^:e, 
M.  <).  Meigs, 

Execu  a  re  Com  m  itte*', 
WASHiNCjroN,  1).  C,  Octohvr,  1S9L 
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ACTS  AND  RESOLUTIONS  OF  CONGRESS  RELATIVE  TO  THE  SMITHSONIAN 
INSTITUTION,  NATIONAL  MUSEUM,  ETC. 

(In  continuation  iVom  previous  reports.) 


[Fifty- first  Congress,  second  session^  1890-*91.] 
SMITHSONIAN    INSTITT  TION: — INTERNATIONAL  EXCHANGES. 

For  expenses  of  the  system  of  international  exchanges  between  the 
United  States  and  foreign  countries,  under  the  direction  of  the  Smith- 
sonian Institution,  inchiding  salaries  or  compensation  of  all  necessary 
employees,  seventeen  thousand  dollars.  (Sundry  civil  appropriation 
aet,  approved  March  3, 1891.) 

U,  S.  Geological  Survey:  For  the  purchase  of  necessary  books  for 
the  library  and  the  payment  for  the  transmission  of  public  documents 
through  the  Smithsonian  exchange,  two  thousand  five  hundred  dollars. 
(Sundry  civil  appropriation  act,  approved  March  3,  1891.) 

War  Department:  For  tlie  transportation  of  reports  and  maps  to 
foreign  countries  through  the  Smithsonian  Institution,  one  hundred 
dollars.    (Sundry  civil  appropriation  act,  approved  March  3,  1891.) 

To  pay  the  Chicago,  Rock  Island  and  Pacific  liailroad  Company 
amount  found  due  by  the  accounting  officers  of  the  Treasury  on  account 
of  international  exchanges,  Smithsonian  Institution,  being  for  the 
service  of  the  fiscal  year  eighteen  hundred  and  eighty-nine,  sixty-six 
cents.  (Deficiency  act,  Ch.  540,  Statutes,  p.  8W}.  Approved  March  3, 
1891.) 

Library  of  Congress:  For  expenses  of  exchanging  public  documents 
for  the  publications  of  foreign  governments,  one  thousand  five  hundred 
dollars.  (Legislative,  executive,  and  judicial  act,  Ch.  541,  Statutes, 
page  914.    Approved  March  3,  1891.) 

Naval  Observatory:  For  repairs  [etc.,  etc.],  »  »  »  including  pay- 
ment t  >  Smithsonian  Institution  for  freight  on  observatory  publications 
sent  to  foreign  countries,  postage,  expressage  [etc.,  etc.],  four  thousand 
five  hundred  and  fifty  dollars.  (Legislative,  executive,  and  judicial  act, 
Ch.  541,  Statutes,  p.  936.    Approved  March  3,  1891.) 

United  States  Patent  Office:  For  purchase  of  books,  and  expenses  of 
transporting  publications,  patents  issued  by  the  Patent  Office  to  foreign 
governments,  three  thousand  dollars.  (Legislative,  executive,  and  ju- 
dicial UrCt,  Ch.  541,  Statutes,  p.  939.    Approved  Mar.  3,  1891.) 

XLI 
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,   IT.  S.   NATIONAL  MUSEITM. 

For  coutinuiri<?  the  preservation,  exhibition,  and  increase  of  the  col- 
lections from  the  surveying  and  exploring  expinlitions  of  the  Govern- 
ment, and  from  other  s<mrce8  inchiding  salaries  or  compensation  of  all 
necessary  employees,  one  hnndred  and  forty-five  thcmsand  dollars. 

For  cases,  furniture,  fixtures,  and  appliances  re(|uired  for  the  exhi- 
bition and  safe  keeping  of  the  collections  of  the  National  Museum,  in- 
cluding salaries  or  comi)ensatien  of  all  necessary  employees,  twenty- 
five  th<msand  dollars. 

For  expense  of  heating,  lighting,  electrical,  telegraphic,  and  tele- 
phonic service  for  the  Kational  Museum,  twelve  thousand  dollars. 

For  removing  old  boilers  under  Museum  hall  in  Smithsonian  Build- 
ing, replacing  them  with  new  ones,  and  for  necessary  alterations,  and 
connections  of  steam  heating  ap])aratus  and  for  covering  pipes  with 
fireproof  material,  three  tlnmsand  dollars. 

For  removing  the  decayed  wooden  fioors  in  the  Museum  building, 
substituting  granolithic  or  ai-tificial  stone  therefor,  and  for  slate  for 
covering  trenches  containing  heating  and  electric  apparatus,  including 
all  necessary  material  and  lalK)r,  to  l>e  immediately  available,  five 
thousand  dollars. 

For  the  purchase  of  '*the  Capron  collection  of  Japanese  works  of 
art,''  now  on  temporary  de])osit  in  the  National  Museum  at  Washing- 
ton, District  of  Columbia,  ten  thousand  dollars. 

For  postage  stamps  and  foreign  postal  cards  for  the  National  Mu- 
seum, five  hundred  dollars. 

For  payment  to  the  daughters  of  the  late  Jose])h  Henry,  Secretary 
of  the  Smithsonian  Institution,  for  valuable  public  services  rendered 
by  him,  ten  thousand  dollars.  (Sundrv  civil  appropriation  act,  ap- 
proved Mar.  3,  1801.) 

Public  Printer:  For  the  Smithsonian  Institution  for  printing  for  the 
use  of  the  National  Museum  not  exceeding  one  thousand  dollars. 
(Deficiency  act,  Vh.  540,  Statutes,  p.  887.    Approved  March  3,  1891.) 

Puhlic  Printing  and  Binding:  For  the  Smithsonian  Institution  Ibr^ 
printing  labels  and  blanks  and  for  the  '-Bulletins"  and  annual  vohimes 
of  the  "^  Proceedings"  of  the  National  Museum,  fifteen  thousand  doHars. 
(Sundry  civil  appropriation  act,  approved  March  3,  1891.) 

To  meet  cust4)ms  duties  on  glass,  tin,  and  other  dutiable  articles  and 
supplies  imported  for  the  United  States  National  Museum,  one  thousand 
dollars.  (Deficiencv  a<t,  Ch.  540,  Statutes,  p.  800.  Ap]>roved  March 
3,  1891.) 

NORTH   AMERICAN  ETHNOLOGY. 

For  continuing  ethnological  researches  among  the  American  Indians, 
inidcr  the  directi<m  of  the  Smitiiscmian  Institution,  including  salaries 
or  compensation  of  all  nec^essary  ejni>loyees,  tilty  thousand  dolhirs. 
(Sundry  civil  appropriation  act,  a])proved  March  3, 1891.) 

NATIONAL   ZOOLOOIOAL   PAKK. 

For  continuing  the  construction  of  roads,  walks, bridges,  water  sui>- 
ply,  sewerage,  and  drainage,  and  for  grading,  planting,  and  otherwise 
imi»roving  the  grounds  of  the  National  Zoological  Park,  including  sala- 
ries or  compensation  of  all  necessary  employees,  fifteen  thousand  dollars. 
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For  erecting  and  repairing  buildings  and  inclosures  for  animals  and 
for  adnunistrative  purposes,  in  the  national  Zoological  Park,  including 
salaries  or  compensation  of  all  necessary  employees,  eighteen  thousand 
dollars; 

For  care,  subsistence,  and  transportation  of  jiniraals  for  the  National 
Zoological  Park,  and  for  the  purpose  [imrchase]  of  rare  specimens  not 
otherwise  obtainable,  including  salaries  or  comi)ensation  of  all  necessary 
employees,  and  general  incidental  expenses  not  otherwise  provided  for, 
seventeen  thousand  five  hundred  (lollars;  in  all,  fifty  thousand  five 
hundred  dollars,  one-half  of  which  sum  shall  be  paid  from  the  revenues 
of  the  District  of  Columbia  and  the  other  half  from  the  Treasury  of  the 
United  States.  (Sundry  civil  appropriation  act,  approved  March  3, 
1891). 

ASTRO-PHYSICAL   OBSERVATORY 

For  maintenance  of  astro-physical  observatory,  under  the  direction 
of  the  Smithsonian  Institution,  including  salaries  of  assistants  and  the 
purchase  of  additional  apparatus,  ten  thousand  dollars.  (Sundry  civil 
appropriation  act,  approved  March  3, 1891.) 

world's   COLUMBIAN   EXPOSITION. 

Government  Exhibit.  For  the  selection,  purchase,  preparation, 
and  arrangement  of  such  articles  and  materials  as  the  heads  of  the 
several  Executive  Departments,  the  Smithsonian  Institution  and  Na- 
tional Museum,  and  the  United  States  Fish  Commission  may  decide 
shall  be  embraced  in  the  Government  exhibit,  and  such  additional  ar- 
ticles as  the  President  may  designate  for  said  Exposition,  and  for  the 
employment  of  proper  persons  as  officers  and  assistants  to  the  Board 
of  Control  and  Management  of  the  Government  exhibit,  appointed  by 
the  President,  of  which  not  exceeding  five  thousand  dollars  may  be 
expended  by  the  said  board  for  clerical  services,  the  sum  of  three  hun- 
dred and  fifty  thousand  dollars  is  hereby  ai)propriated  for  the  service 
of  the  fiscal  year  ending  June  thirtieth,  eighteen  hundred  and  ninety- 
two,  and  any  moneys  heretofore  appropriated  in  aid  of  said  Government 
exhibit  may  be  used  in  like  manner  and  for  like  purposes:  Provided, 
That  all  exi)enditures  made  for  the  purposes  and  from  the  api)ropria- 
tion  herein  specified  shall  be  subject  to  the  ai)proval  of  the  said  Board 
of  Control  and  Management  and  of  the  Secretary  of  the  Treasury,  as 
now  provided  by  law. 

World's  Columbian  Commission.  For  the  World's  Columbian 
Commission,  ninety -five  thousand  five  hundred  dollars,  of  which  sum 
thirty-six  thousand  dollars  shall  be  used  for  the  Board  of  Lady  Man- 
agers. 

For  exi)enses  connected  with  the  admission  of  foreign  goods  to  the 
Exposition,  as  set  forth  in  s(»ction  twelve  of  the  a^*t  creating  the  Com- 
missiou,  approved  April  twenty-fifth,  eighteen  hundred  and  ninety, 
twenty  thousand  dollars; 

For  contingent  expenses  of  the  W<>rld's  Congress  Auxiliary  of  the 
World's  Columbian  Exposition,  two  thousand  five  hundred  dollars. 

And  the  several  sums  herein  appropriated  for  the  World's  Colum- 
bian Ex|K>8ition  shall  be  deemed  a  part  of  the  sum  of  one  millicni  five 
hundred  thousand  dollars,  the  limit  of  liability  of  the  United  States 
on  account  thereof  fixed  by  the  act  of  April  twenty-fifth,  eight<^en 
hundred  a>nd  ninety,  authorizing  said  Exposition.  (Sundry  civil  appro- 
priation act,  approved  March  3, 1891.) 
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REPORT  OF  S.  P.  LANGLEY, 

SBCBETAEY  OP  THE  SMITHSONIAN  INSTITUTION, 
FOE  THE  YEAR  ENDING  JUNE  30,  1891. 


To  the  Sodfd  of  Regents  of  the  Smithsonian  Institution: 

Gentlemen  :  I  have  the  honor  to  submit  herewith  my  report  for  the 
year  ending  June  30,  1891,  of  the  operations  of  the  Smithsonian  Insti- 
tution, including  the  work  placed  by  Congress  und^r  its  charge  in  the 
National  Museum,  the  Bureau  of  Ethnology,  the  International  Ex- 
changes, the  National  Zoological  Park,  and  the  Astro-physical  Observ- 
atory. 

I  have  spoken  personally  and  briefly  of  matters  of  chief  importance 
concerning  these  various  Bureaus,  and  have  then  added,  for  the  sake  of 
completeness,  detailed  rei>orts  from  the  Bureau  of  Ethnology,  the  In- 
ternational Exchange  Bureau,  the  Library,  the  National  Zoological  Park, 
and  the  Editor  in  charge  of  Publications,  which  are  contained  in  the 
Appendix.  The  work  of  the  National  Museum  is  reported  on  at  length 
in  a  separate  volume  by  the  Assistant  Secretary  in  charge. 

THE  SMITHSONIAN  INSTITUTION. 

THE  ESTABLISHMENT. 

I  have  to  record  a  change  in  the  establishment  during  the  year,  in 
the  death  of  the  Hon.  William  Windom,  Secretary  of  the  Treasury, 
on  29th  January,  1891,  and  the  appointment  of  his  successor  to  the 
Secretaryship,  the  Hon.  Charles  Foster. 

THE  BOARD  OF  REGENTS. 

In  accordance  with  a  resolution  of  the  Board  of  Regents  fixing  the 
time  of  the  stated  annual  meeting  of  the  Board  on  the  4th  Wednesday 
of  January  in  each  year,  the  Board  met  on  January  28, 1891,  at  10 
.o'clock  a.  m. 

The  Hon.  Charles  Devens,  of  Massachusetts,  whose  appointment  as  a 
member  of  the  Board  by  joint  resolution  of  Congress  on  May  22, 1890, 
was  noted  in  the  report  for  last  year,  formally  declined  the  appointmer 
,on  account  of  a  provision  in  the  constitution  of  the  State  of  Massach 
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setts  whereby  justices  of  the  supreme  judicial  courtof  the  Commonwealth 
are  rendered  incapable  of  holding  any  place  or  office  from  any  other 
State,  Government,  or  power  whatever.  I  regret  to  add  that  Judge 
Devens  died  on  the  7th  of  January,  1891. 

The  vacancy  in  the  Board  has  not  yet  been  filled. 

The  Hon.  George  Bancroft  and  Gen.  William  T.  Sherman  have  died 
during  the  year.  The  lives  of  these  two  eminent  men  have  made  their 
loss  a  national  one,  so  widely  known,  and  accompanied  by  obituary  no- 
tices so  general  and  so  complete,  that  to  repeat  them  here  would  be  a 
work  of  superfluity.  Reference  is  made  to  them  elsewhere  in  the  nec- 
rologic  notices  only  so  far  as  relates  to  their  connection  with  the  Board 
of  Regents. 

Mr.  Justice  Miller,  whose  death  occurred  on  the  16th  of  November, 
1890,  is  also  to  be  mentioned  here,  having  been,  as  acting  Chief  Justice, 
elected  temporarily  Chancellor  of  the  Board.  He  served  in  this  capac- 
ity from  March  27, 1888,  to  January  9,  1889.  It  would  be  superfluous, 
as  in  the  former  cases,  to  do  more  than  to  note  the  fact  and  with  it  to  re- 
call the  sincerity  of  tte  respect  and  the  warmth  of  the  regard  which  all 
felt  for  him  who  knew  him  in  this  or  in  any  other  capacity  of  his  eminent 
official  life. 

ADMTNISTRATION. 

I  wish  again  to  remark  that  the  great  extension  of  the  interests  con- 
fided to  the  Institution  make  the  duties  of  the  Secretary  and  his  assist- 
ants altogether  different  from  what  they  were  in  its  early  history.  The 
change  brought  about  by  constant  growth  of  its  activities  has  been  so 
uniform  in  its  progression  that  there  has  been  no  particular  moment  at 
which  it  seemed  possible  to  say  that  the  burden  of  the  work  had  grown 
to  transcend  wholly  the  means  for  effecting  it.  At  present  I  feel  confi- 
dent that  I  am  justified  in  saying  that  such  is  the  case,  and  that  some 
provision  must  now  be  made  for  enabling  the  Secretary  and  his  imme- 
diate assistants  to  have  additional  aid  in  this  administration  of  the 
affairs  of  the  General  Government  from  some  source  not  provided  for 
out  of  the  already  insufficient  funds  of  the  parent  institution. 

This  institution  administers  large  Government  interests,  while  no  ap- 
propriation has  been  made  by  Congress  for  the  expense  of  such  admin- 
istration, such  as  is  made  in  all  other  analogous  cases,  and  this  expense 
is  directly  represented  by  an  increment  of  the  expenditure  of  the  parent 
institution,  chiefly  under  the  head  of  salaries,  which  are  not  needed  for 
the  purposes  of  the  original  fund  alone. 

FINANCES. 

I  have  in  a  previous  report  referred  to  the  fact  that  owing  to  the 
changing  value  of  money,  the  purchasing  power  of  the  Smithsonian 
fund,  in  the  language  of  a  committee  of  the  Regents — 

"while  nominally  fixed,  is  growin*?  actually  less  year  by  year,  and  of 
less  and  less  importancie  in  the  work  it  ucconiplishes  wjth  reference  to 
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the  immense  extension  of  the  country  since  the  Government  accepted 
the  trust;" 

so  that  it  seems  most  desirable  that  the  fund  should  be  enlarged,  if 
only  to  represent  the  original  position  of  its  finances  relatively  to  those 
of  the  country  and  institutions  of  learning. 

Everything  which  has  occurred  since  this  was  written  increases  the 
force  of  the  observation.  I  only  remark  upon  it  here  to  say  that  I  have 
taken  some  pains  to  invite  the  attention  of  those  who  are  seeking  a 
trustee  for  the  disposition  of  means  intended  for  the  advancement  of 
knowledge,  to  the  especial  guaranties  for  security  offered  by  the  admin- 
istration of  the  Regents. 

It  is  proper  to  mention,  in  this  connection,  that  I  have  during  the  past 
year  come  into  communication  with  a  gentleman  who  desires  to  donate 
$200,000  to  the  fund,  provided  he  can  do  so  on  certain  conditions,  with 
regard  to  which  I  have  not  felt  myself  authorized  to  act  without  con- 
sulting the  Regents,  and  as,  nevertheless,  they  can  not  be  assembled 
during  the  present  year,  I  have  taken  the  unusual  step,  justified  by  the 
occasion,  of  telegraphing  to  each  individual  member  of  the  body  to  ask 
his  opinion. 

Favorable  opinions  have  been  received  in  answer  to  this  from  nearly 
all  the  Regents  and  I  may  anticipate  a  statement  properly  belonging 
to  a  later  report  when  I  say  that  the  sum  in  question  has  since  been 
placed  in  my  hands  by  the  donor,  Mr.  Thomas  G.  Hodgkins,  of  Setau- 
ket,  Long  Island,  to  be  tendered  to  the  Regents  at  their  next  meeting. 

The  invested  funds  of  the  Institution  are  as  follows,  being  in  the 
same  condition  as  in  my  last  report: 

Bequest  of  Smitbson,  1^6 $515,169.00 

Rosidaary  legacy  of  Smithson,  1867 26, 210. 63 

Deposits  from  savings  of  income,  etc.,  1867 , 108, 620. 37 

Bequestof  James  Hamilton,  1874 1,000.00 

Bequest  of  Simeon  Habel,  1880 500.00 

Deposits  from  proceeds  of  sale  of  bonds,  1881 51, 500. 00 

Total  permanent  Smithsonian  fund  in  the  Treasury  of  the  United 

States,  bearing  interest  at  6  per  cent  per  annum 703, 000. 00 

At  the  beginning  of  the  fiscal  year  the  balance  on  hand  was  $30,192.65. 
Interest  on  the  invested  fund,  amounting  to  $42,180,  has  been  received 
from  the  Treasurer  of  the  United  States  during  the  year,  and  from  sales 
of  publications  and  miscellaneous  sources,  including  repayments  on  ac- 
count of  international  exchanges,  $6,762.37,  making  atotal  of  $79,135.02. 

The  total  expenditures,  as  shown  in  detail  in  the  report  of  the  exec- 
utive committee,  have  been  $39,072.91,  leaving  an  unexpended  balance 
on  June  30, 1891,  of  $40,062.11.  This  includes  a  sum  of  $10,000,  the 
amount  of  a  bequest  of  $5,000  from  the  late  Dr.  J.  H.  Kidder  and  a 
donation  of  a  like  amount  from  Dr.  Alexander  Graham  Bell  personally 
to  the  Secretary  for  physical  investigations,  which  was,  with  the  donor's 
consent,  deposited  by  the  Secretary  to  the  credit  of  the  funds  of  the  In- 
stitution subject  to  order.    Neither  of  these  sums,  then,  forms  a  i>ortion 
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of  the  invested  funds,  and  both  have  been  held  in  the  hope  that  Con- 
gress would  later  provide  a  site  for  a  pennanent  building  for  the  astro- 
physical  observatory.  The  balance  then  available  for  the  general 
purposes  of  the  Institution  on  July  1,  1891,  was  $30,062.11,  but  this  is 
in  part  held  against  various  liabilities  for  scientific  purposes. 

The  Institution  Las  been  charged  by  Congress  with  the  disburse- 
ments during  the  year  of  the  following  appropriations: 

For  interDatioual  exchanges $17, 000 

For  ethnological  researches 40, 000 

For  National  Museum : 

Preservation  of  collections $140, 000 

Furniture  and  fixtures 25, 000 

Heating  and  lighting 12, 000 

Postage : 500 

Printing li),000 

Perkin^s  collection  prehistoric  <'opper  implements 7, 000 

For  Smithsonian  Institution  Building  ropairs 25, 000 

To  these  should  be  added  the  unexpended  balance  of  the  special 
appropriation  of  .^92,000  made  April  .50,  1890,  for  the  National  Zoologi- 
cal Park. 

The  vouchers  for  the  disbursement  of  these  appropriations  have  been 
examined  by  the  executive  committee,  and  the  various  items  of  exi)end- 
iture  are  set  forth  in  a  letter  addressed  to  the  Speaker  of  the  House  of 
Eepresentatives  in  accordance  with  a  provision  of  the  sundry  civil  act 
of  October  2,  1888,  while  the  expenditures  from  the  Smithsonian  fimd 
have  likewise  been  examined  and  approved  by  the  executive  committee 
and  are  shown  in  their  report. 

I  may  here  call  attention  to  a  change  in  the  phraseology  of  the  sun- 
dry civil  act  Piaking  appropriation  for  ethnological  researches,  whereby 
the  appropriation  is  placed  "under  the  direction  of  the  Smithsonian 
Institution,"  instead  of  in  the  charge  of  the  "  Secretary  of  the  Smithson- 
ian Institution,"  as  heretofore.  The  vouchers  from  the  Bureau  of  Eth- 
nology are  therefore  now  scnitinized  by  the  executive  committee,  as  are 
all  other  expenditures  of  the  Institution. 

The  estimates  for  the  fiscal  year  ending  June  30,  1892,  forwarded  to 
the  Secretary  of  the  Treasury  under  date  of  October  20,  1890,  were  as 
follows : 

International  exchanges $32,  400 

North  American  ethnohigy 50,  000 

National  Museum :  V 

Preservation  of  collections 180,  000 

Healing  and  lighting 15,  000 

Furniture  and  fixtures 30,  000 

Printing  and  binding 19,  000 

Postage 1,  000 

Customs  duties  on  ^  lass,  tin,  etc 3,  000 

Replacing  old  boilers,  etc 3,  000 

Replacing  wooden  floor  with  granolithic  or  artificial  stone 5,  000 

National  Zoological  Park 101,  350 

Astrophysical  observatory -^. 10,  000 
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BUILDINGS. 

I  most  again  urge  upon  the  attention  of  the  Kegeuts  the  ever-increas- 
ing necessity  for  relief  from  the  overcrowded  condition  of  the  National 
Museum.  The  lack  of  more  adequate  accommodation  has  been  even 
more  forcibly  presented  than  ever  before  in  making  the  necessary  prep- 
arations for  the  Museum  exhibit  at  the  World's  Columbian  Exposition 
in  Chicago. 

Tlie  present  Museum  building  was  finished  and  occupied  in  1881 .  The 
collections  increased  so  rapidly  that  as  early  as  1883  the  Regents,  at 
their  meeting  of  January  17,  recommended  to  Congress  the  erection  of 
a  new  building. 

Since  1883  the  collections  have  again  increased  to  such  an  extent  that 
a  new  building  as  large  as  the  present  one  could  now  be  practically 
filled  with  mateiial  held  in  storage,  and  I  can  only  repeat  with  increased 
emphasis  the  closing  sentence  of  my  letter  of  January  21,  1890,  to  the 
Hon.  Leland  Stanford,  Chairman  of  the  Senate  Committee  on  Public 
Buildings  and  Grounds,  '^  tljat  unless  more  space  is  provided  the  de- 
velopment of  the  Government  collection,  which  is  already  partly  ar- 
rested, wiU  be  almost  completely  stopped.'' 

Plans  for  a  new  museum  building  of  two  stories  and  basement  were 
laid  before  the  Board  in  January,  1890,  and  on  February  19,  1890,  a 
bill  appropriating  $500,000  was  rei>orted  by  Senator  Morrill  from  the 
Senate  Committee  on  Public  Buildings  and  Grounds  and  passed  the 
Senate  on  April  5,  1890.  This  bill  was  favorably  reported  from  the 
House  Committee  on  Pubhc  Buildings  and  Grounds  January  9,  1891, 
but  at  the  close  of  the  session  it  had  not  come  before  the  House  for 
action. 

An  appropriation  of  $25,000  for  fire-proofing  the  so-called  chapel  of 
the  west  wing  of  the  Smithsonian  Building  and  for  repairing  the  roof 
of  the  main  building  and  the  ceiling  and  plastering  of  the  main  hall  of 
the  building,  having  be(*ome  available,  plans  for  the  contemplated  im- 
provements were  prepared  by  the  Architect  of  the  Capitol,  as  directed 
by  Congress,  and  work  was  begun  in  April,  1891.  The  old  roof  ^f  the 
chapel  was  entirely  removed  and  replaced  temporarily  by  a  wooden  cov- 
ering for  the  protection  of  the  specimens  contained  in  this  part  of  the 
building.  By  the  end  of  June  gratifying  progress  had  been  made 
towards  the  construction  of  a  safe,  substantial  iron  and  slate  roof. 
'  This  appropriation  of  $25,000  was  but  a  portion  of  the  sum  asked  for 
to  be  used  not  only  for  fire-proofing  the  chapel  and  repairing  the  roof 
of  the  main  building,  but  also  for  making  other  repairs  upon  the  build- 
ing, more  especially  in  making  more  suitable  provision  for  storing  and 
handling  the  Government  documents,  the  distribution  of  which  Con- 
gress has  intrusted  to  the  Institution.  Under  the  wording  of  the  appro- 
priation act  it  was  found,  however,  that  the  expenditure  of  the  appro- 
priation was  confined  to  the  two  items  mentioned  above.    I  have  referred 
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elsewhere  in  this  report  to  the  special  needs  of  the  exchange  depart- 
ment, on  account  of  the  over-crowded  condition  of  the  store-rooms  occu- 
pied by  the  Government. 

The  new  buildings  erex^ted  or  in  process  of  erection  for  the  collection 
of  living  animals,  being  all  in  the  Zo^Uogical  Park,  are  mentioned  in  the 
report  upon  the  park. 

RESEARCH. 

I  am  gratified  to  report  that  it  has  been  possible  by  reducing  ex- 
penses in  other  directions  to  revert  in  some  measure  to  an  early  prac- 
tice of  the  institution,  eminently  consonant  with  its  founder's  purjjose, 
that  of  oflfering  aid  in  original  research  to  certain  investigations  of 
much  importance  which  were  hindered  by  lack  of  means. 

Among  the  special  grants  may  be  named  that  of  $500  to  Prof.  A.  A. 
Michelson,  of  Clark  University,  for  continuing  his  important  work  upon 
a  universal  standard  of  measure  founded  on  the  wave-length  of  light; 
also  a  sum  of  $600  placed  at  the  disposal  of  Prof.  E.  W.  Morley,  to  pro- 
cure a  special  apparatus  for  determinations  of  the  density  of  oxygen 
and  hydrogen,  an  investigation  requiring  extreme  precision  and  dehcacy 
of  manipulation,  and  promising  results  of  wide  application;  while^200 
was  placed  at  the  disposal  of  Dr.  Wolcott  Gibbs,  for  investigations 
at  his  laboratory  in  Newport  upon  chemical  compounds. 

To  Prof.  E.  S.  Holden,  director  of  the  Lick  Observatory,  California, 
a  grant  of  $200  was  made,  to  assist  in  perfecting  his  apparatus  for 
securing  photographs  of  the  moon.  The  results  of  his  studies  in  this 
field  Prof.  Holden  has  offered  to  place  at  the  disposal  of  the  Smith- 
sonian Institution  for  publication  at  some  future  day,  should  it  seem 
desirable. 

Prof.  Pickering,  director  of  the  Harvard  Observatory,  has  also  placed 
at  the  disposal  of  the  Institution  for  publication  a  very  valuable  series 
of  photographs  of  the  moon,  which  have  been  secured  at  the  Harvard 
Observatory,  and  which  will  be  supplemented  by  photographs  to  be 
taken  at  the  Harvard  Observatory  high-altitude  station  in  the  moun- 
tains of  Peru. 

Th^  director  of  the  Paris  Observatory,  Admiral  Mouchez,  has  like- 
wise promised  his  co-operation  in  securing  lunar  photographs  of  the 
highest  degree  of  excellence  now  attainable. 

With  the  aid  of  these  three  prominent  observatories,  which  have  given 
especial  attention  to  the  subjec*t  of  lunar  photography,  it  is  proposed  to 
prepare  a  volume  rei)resenting  upon  a  large  scale  the  best  results  tha^ 
can  be  secured,  thus  placing  on  record  a  detailed  description  of  the 
lunar  surface,  the  value  of  which  for  comparison  with  observations  and 
photographs  of  the  future  can  scarcely  be  over-estimated. 

In  furtherance  of  the  plan  for  the  establishment  of  standard  sizes  of 
screws  and  of  diameters  of  tubing,  etc.,  for  astronomical  and  physical 
apparatus — a  subject  which  has  received  the  attention  of  committees  of 
the  National  Academy  of  fioitfifie,  as  also  of  the  American  Association 
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for  the  Advancement  of  Science — a  few  standards  have  been  tentatively 
adopted,  and  copies  of  these  are  attainable  by  all  interested  in  securing 
uniformity  in  this  class  of  work. 

I  have  referred  above  to  researches  in  physical  science  alone;  the 
work  of  individual  members  of  the  Institution  and  of  others  in  the  nat- 
ural sciences  is  given  in  connection  with  the  portion  of  the  report  relat- 
ing to  the  Museum.  I  may,  however,  state  that  certain  physical  inves- 
tigations, which  have  been  made  under  the  personal  direction  of  the 
Secretary  of  the  Institution  at  private  charge  and  not  at  the  cost  of  its 
funds,  are  about  being  published  in  a  volume  of  its  Contributions,*  in 
accordance  with  a  policy  long  since  counseled  by  the  Board  of  Regents. 

Astro-physical  Observatory. — I  may  recall  briefly  here  the  circum- 
stances which  have  led  to  the  establishment  of  an  astro-physical  ob- 
servatory as  a  part  of  the  Smithsonian  Institution. 

In  the  first  report  that  I  had  the  honor  to  present  to  the  attention  of 
the  Begents  in  1888  I  stated  that  preparations  had  been  made  by  the 
late  Secretary,  Prof.  Baird,  to  establish  an  astro-physical  observatory 
and  laboratory,  in  order  that  renewed  attention  might  be  given  to  the 
study  of  physical  science.  It  was  there  reported  that,  in  view  of  the 
fact  that  the  construction  of  delicate  instruments  would  occupy  a  con- 
siderable time,  orders  had  already  been  given  for  the  most  essential 
pieces  of  apparatus  for  conducting  investigations  in  radiant  energy. 

A  special  interest  was  taken  in  the  proposed  astro-physical  observa- 
tory by  the  late  Dr.  J.  H.  Kidder,  formerly  Curator  of  Exchanges  in  the 
Smithsonian  Institution,  and  the  sum  of  $5,000  was  received  from  his 
executors  for  this  purpose  under  circumstances  detailed  in  my  last  re- 
port. A  like  sum  of  $5,000  was  presented  i)ersonally  to  the  Secretary 
by  Dr.  Alexander  Graham  BeU  for  prosecuting  physical  investigations, 
and  particularly  those  upon  radiant  energy,  and  this  sum  was,  with  the 
consent  and  approval  of  the  donor,  placed  to  the  credit  of  the  Smith- 
sonian Institution  upon  the  same  footing  as  the  Kidder  bequest. 

A  temporary  wooden  building  of  the  simplest  possible  construction 
has  been  erected  in  the  Smithsonian  grounds  just  south  of  the  main 
building,  having  been  begun  on  the  18th  of  November,  1889,  and  finished 
about  the  1st  of  March,  1890.  This  building  is  not  to  be  regarded  as 
an  entirely  suitable  or  permanent  housing  for  the  instruments.  Its 
location,  close  to  travelled  streets,  is  unsuited  for  refined  physical  inves- 
tigation, but  the  preliminary  adjustment  of  the  instruments  and  cer- 
tain classes  of  work  can  be  effectively  and  conveniently  carried  on  here. 

The  principal  instrument  is  a  specially  constructed  siderostat  by  Sir 
Howard  Grubb,  of  Dublin,  Ireland.  This  instrument  is  in  position.  A 
spectro-bolometer,  the  outcome  of  many  years'  experience,  has  been 
made  under  my  personal  direction  by  William  Grunow  &  Son,  of  New 
York,  and  has  been  received  and  mounted.    A  galvanometer,  designed 
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fix*  the  particiilar  class  of  work  in  view,  ba«  been  reoeiTed,  and  was  the 
last  of  the  principal  pieces  of  apparatus  (provided  for  from  the  Smith- 
sonian fdndj  to  be  pnt  in  place.  The  outfit  is  now  in  the  main  com- 
pile. 

This  country  has  no  observatory  devoted  exclusively  to  astro-phjrsical 
research^  though  England^  France,  and  Germany  have  maintained  for 
a  number  of  years  at  a  considerable  exi)eu8e  observatories  for  the  study 
of  the  physical  condition  of  celestial  bodies.  I  therefore  indulged 
the  hope  that,  in  presenting  the  matter  to  Congress  as  previously  re- 
ported, a  request  for  a  small  annual  appropriation  for  the  maintenance 
of  the  observatory  thus  founded  and  equipped  might  meet  with  favor- 
able consideration.  1  may  say  that  the  amount  asked  for  ($10,000  for 
annual  maintenance)  has  been  appropriated,  and  will  be  available  dur- 
ing the  coming  fiscal  year. 

In  adjusting  and  determining  the  constants  of  the  instruments,  a  work 
involving  considerable  labor,  I  have  had  the  valuable  assistance  of  Prof. 
C.  C.  Hutchius,  of  Bowdoin  College,  during  a  i)ortion  of  the  summer 
vacation.  No  permanent  api)ointment8  of  the  assistants  who  will  be 
required  to  carry  on  the  investigations  contemplated  will  be  mmle  until 
after  the  appropriation  shall  have  become  available. 

EXPLORATIONS. 

The  explorations  of  chief  importance  carried  on  by  the  Institution 
have  been  conducted  by  the  Bureau  of  Ethnology  and  by  the  National 
Museum,  and  to  the  reports  of  these  departments  reference  should  be 
made  for  details. 

PUBLICATIONS. 

The  publications  for  the  year  have  continued  to  represent  the  usual 
standard  both  in  the  number  and  in  the  general  character  of  the  sev- 
eral issues. 

Smithsonian  Contributions  to  Knowledge, — Mention  may  be  made  here 
of  a  publication  embracing  a  collection  of  twenty-three  colored  plates 
illustrating  the  forest  trees  of  North  America,  an  unfinished  work  un- 
dertaken by  the  late  Dr.  Asa  Gray,  many  years  ago,  which  although  in 
the  quarto  form  of  the  Contributions  to  Knowledge,  will  not  be  in- 
cluded in  volumes  of  that  series.  While  no  memoir  has  been  actually 
published  during  the  year,  a  paper  presenting  an  account  of  some  new 
experiments  in  aerodynamics  (already  referred  to)  is  in  course  of  prep- 
aration, and  will  probably  be  through  the  press  in  Augnst.  It  will  not 
much  exceed  100  quarto  pages  of  letterpress,  and  will  be  illustrated  by 
about  ten  plates. 

Smithsonian  Miscellaneous  Collections, — A  memoir  on  "The  Corrections 
of  Sextants  for  errors  of  Eccentricity  and  Gravitation,"  by  Mr.  Joseph 
A.  Rogers,  of  this  fcity,  presents  a  good  discussion  of  the  subject,  and 
has  a  practical  as  well  as  a  theoretical  value.    A  "  Bibliography  of  the 
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Chemical  Influence  of  Light,"  by  Mr.  Alfred  Tuckerman,  belon|f8tothe 
growing  class  of  reference  aids  to  investigators  and  students,  rendered 
necessary  by  the  rapidly  increasing  volume  of  scientific  literature. 

In  the  Miscellaneous  Collections  for  the  year  a  number  of  articles 
from  the  general  api)endix  to  the  annual  reports,  commonly  prepared 
at  the  expense  of  the  Institution,  have  been  considered  worthy  of  re- 
publication as  separate  essays,  and  will  probably  find  their  place  ulti- 
mately in  volumes  of  this  series. 

Smithsonian  annual  reports, — The  annual  report  of  the  Regents  to 
Congress  on  the  operations  and  condition  of  the  Institution  for  the  year 
ending  June  30, 1888,  was  received  more  promptly  than  usual,  and  has 
been  largely  distributed.  The  annual  report  of  the  Regents  on  the 
operations  and  condition  of  the  U.  S.  National  Museum  for  the  same 
period  has  also  been  received  and  widely  distributed.  The  annual 
report  of  the  Regents  to  Congress  on  tLe  Institution,  for  the  year  end- 
ing June  30,  1889,  has  in  addition  been  received  and  distributed,  and 
the  annual  report  of  the  Secretary  to  the  Board  of  Regents  for  the^ 
year  ending  June  30, 1890,  has  been  issued  during  the  year. 

A  full  descriptive  list  of  the  Smithsonian  publications  for  the  year 
will  be  given  in  the  appendix. 

SMITHSONIAN  INTERNATIONAL  EXCHANGE  SERVICE. 

The  work  of  the  Smithsonian  Institution  through  which  it  is  perhaps 
most  widely  known  is  its  exchange  service,  whereby  in  a  direct  and 
tangible  manner  it  eflfei^ts  one  of  the  objects  of  its  founder,  "  the  diflfu- 
sion  of  knowledge  among  men." 

The  exchange  service  was  established  very  early  in  the  history  of  the 
Institution,  when  communication  between  scientific  men,  particularly 
between  those  of  the  Old  and  of  the  New  World,  was  slow  and  expen- 
sive. Its  object  was  to  distribute  the  Smithsonian  publications,  and  to 
furnish  at  the  same  time  a  channel  through  which  the  publications  of 
scientific  men,  societies,  and  institutions  in  this  country  might  be  sent 
to  correspondents  abroad,  and  similar  publications  from  abroad  might 
be  received  and  distributed  in  America.  The  Institution  received  hearty 
cooperation  in  every  direction.  The  chief  learned  societies  in  difterent 
parts  of  the  world  offered  their  aid  as  distributing  centers  of  exchange 
documents,  and  many  of  the  larger  steamship  companies  generously 
consented  to  carry  exchange  boxes  free  of  freight  charges;  foreign  gov- 
ernments gave  their  aid,  and  in  1854  Prof.  Henry  announced  in  his 
report  that  there  was  "  no  port  to  wliich  the  Smithsonian  parcels  are 
shipped  where  duties  are  charged  on  them,  a  certified  invoice  of  con- 
tents by  the  Secretary  being  sufficient  to  pass  them  through  the  custom- 
house free  of  duty.  On  the  other  hand,  all  packages  addressed  to  the 
Institution  arriving  at  the  ports  of  the  United  States  are  admitted 
without  detention,  duty  free.    This  system  of  exchanges  is  therefore 
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the  most  extensive  and  eflficient  which  has  ever  been  established  in  any 
country." 

The  service  was  immediately  taken  advantage  of  by  the  Bureaus  of 
the  United  States  Government,  and  between  the  years  1851  and  1867 
it  is  estimated  that  over  20,000  packages  of  Gk)vernment  publications 
were  carried  by  the  exchange  service,  at  an  estimated  cost  to  the  pri- 
vate funds  of  the  Institution  of  over  $8,000. 

In  1867  Congress  recognized  the  efficiency  and  importance  of  this 
branch  of  the  Smithsonian  work  by  assigning  to  it  the  duty  of  exchang- 
ing fifty  copies  of  all  documents  printed  by  order  of  either  House  of 
Congress,  or  by  the  United  States  Government  Bureaus,  for  similar 
works  published  in  foreign  countries,  and  especially  by  foreign  govern- 
ments. This  at  once  absorbed  a  very  considerable  part  of  the  funds 
which  it  was  deemed  expedient  to  devote  to  exchange  purposes;  for 
nearly  thirteen  years  the  burden  of  the  expense  being  almost  entirely 
borne  by  the  Smithsonian  fund. 

It  is  not  necessary  to  repeat  here  the  details  of  the  exchange  rela- 
tions with  the  Government,  as  they  have  been  given  at  length  in 
previous  reports,  but  I  beg  to  call  attention  briefly  to  the  summary 
presented  last  year  in  these  words  : 

The  following  sums  have  been  exx)ended  from  the  Smithsonian  fiind 
for  the  support  of  the  international  exchange  system,  in  the  interests 
and  by  the  authority  of  the  National  Government,  namely,  $38,141.01 
in  excess  of  appropriations  advanced  from  January  1, 1868,  to  June  30, 
1886,  for  the  exchange  of  official  Government  documents,  and  $7,034.81 
in  excess  of  appropriations  from  July  1, 1886,  to  June  30, 1889,  advanced 
for  the  purpose  of  carrying  out  a  convention  entered  into  by  the  United 
States,  or  an  aggregate  of  $45,175.82. 

No  account  is  here  made  of  the  rent  value  of  the  rooms  occupied  by 
the  exchange  bureau,  though  the  rooms  are  urgently  needed  for  the 
special  purposes  of  the  Institution. 

In  accordance  with  a  resolution  of  the  Board  of  Kegents,  a  memoran- 
dum setting  forth  the  above  facts  was  transmitted  on  the  20th  of  May, 
1890,  to  the  Hon.  Benjamin  Butterworth,  a  member  of  the  Board,  in 
the  House  of  Kepresentatives,  for  the  purpose  of  taking  the  necessary 
steps  to  procure  a  return  by  Congress  to  the  Smithsonian  fund  of  the 
sum  last  mentioned,  namely,  $45,175.82. 

The  value  of  the  exchange  service  having  become  widely  known  and 
appreciated,  efforts  were  made  by  various  countries  to  establish  more 
formal  international  relations  for  the  purpose  of  securing  an  increase  in 
its  benefits,  and  on  the  15th  of  March,  1886,  plenipotentiaries  from  the 
United  States  and  various  other  nationalities  signed  a  convention  at 
Brussels  by  which  their  respective  governments  definitely  assumed  the 
exchange  of  official  documents  and  of  scientific  and  literary  publica- 
tions between  the  countries  interested. 

Referring  now  more  especially  to  the  work  of  the  exchange  bureau 
during  the  past  year  and  to  its  steady  and  rapid  growth,  it  will  be  seen 
in  the  Appendix  that  no  less  than  100  tons  of  books  passed  through  the 
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office,  representing  90,666  packages — ^an  increase  of  8,094  packages  over 
the  number  handled  during  the  preceding  year.  Upon  the  exchange 
books  accounts  of  publications  received  and  transmitted  are  kept  with 
18,848  societies,  institutions  or  individuals. 

The  expenditures  on  account  of  the  exchange  service  have  amounted 
to  $20,382.21,  of  which  $17,000  were  appropriated  directly  by  Congress, 
$3,361.12  were  repaid  by  Government  bureaus,  and  $9.95  were  paid  by 
State  institutions  and  others,  leaving  a  small  deficiency  to  be  met  by 
the  Smithsonian  Institution. 

While  the  expenses  of  the  exchange  service,  it  will  be  observed,  are 
in  the  absence  of  rent  charge  now  nearly  met  by  the  sum  appropriated 
by  the  General  Government,  this  end  is  only  effected  at  the  cost  of 
dispatch;  and  even  this  slow  freight  is  in  many  cases  due  to  the 
liberality  of  the  ocean  steamship  companies,  a  fact  to  which  allusion 
has  been  made  in  all  recent  reports.  While  there  seemed  to  be  no  im- 
propriety in  accepting  the  generosity  of  these  companies  when  it  was 
to  be  regarded  as  a  direct  contribution  to  the  philanthropic  aims  of  the 
Institution,  it  does  not  seem  proper,  where  so  much  of  the  freight  now 
carried  is  Government  property  and  the  service  is  conducted  under  an 
international  treaty,  that  we  should  impose  on  this  liberality  further, 
yet  if  this  privilege  should  be  withdrawn  the  service  would  be  most 
seriously  crippled. 

An  appropriation  is  also  needed  to  give  effect  to  the  treaty  of  Brus- 
sels, which  calls  for  an  immediate  exchange  of  parhamentary  annals. 
A  bill  making  an  appropriation  of  $2,000,  estimated  as  necessary  lor 
this  purpose,  passed  the  Senate,  but  failed  to  come  up  for  consideration 
in  the  House  of  Representatives. 

I  may  mention  also  that  the  difficulty  of  making  provision  for  the 
storage  of  the  surplus  copies  of  Government  publications  intended  for 
foreign  exchange  is  each  year  becoming  greater,  and  it  is  necessary  to 
store  many  boxes  of  valuable  documents  in  a  basement  which  past  ex- 
perience has  shown  is  liable  to  be  flooded  with  water.  This  fact  I  con- 
sider it  my  duty  to  bring  to  the  attention  of  Congress  that  such  action 
as  it  deems  fit  may  be  taken  to  protect  this  public  proi)erty. 

LIBRARY. 

The  accessions  to  the  library  have  been  recorded  and  cared  for  as  dur- 
ing the  last  fiscal  year.  The  following  statement  shows  the  number  of 
books,  maps,  and  charts  received  from  July  1, 1890,  to  June  30, 1891: 


Volames 

Parts  of  volnmes 

Pamphlets 

Maps 


Octavo  or 
smaUer. 

1,844 
9,439 
3,130 


Total 


Quarto  or    ^      ^ 
larger. 


837  ,  2,681 

11,086  I  20,526 

639  I  3,769 

319 


27,294 
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Of  these  accessions,  7,720  (namely  424  volumes,  6,413  parts  of  volumes, 
and  883  pamphlets)  were  retained  for  use  at  the  National  Museum  Li- 
brary, and  754  medical  dissertations  were  deposited  in  the  Library  of  the 
Surgeon-General,  XJ.  S.  Army;  the  remainder  were  promptly  sent  to  the 
Library  of  Congress  on  the  Monday  following  their  receipt. 

The  reading  room  continues  to  be  well  used  by  those  who  have  occa- 
sion to  consult  the  current  scientific  literature.  As  the  number  of  boxes 
available  for  holding  periodicals  is  strictly  limited  by  the  size  of  the 
room  the  only  way  to  make  room  for  the  installation  of  new  and  desirable 
journals  is  to  remove  those  which  are  found  to  be  least  consulted  or  which 
have  ceased  publication  during  the  year.  This  was  done  by  the  librarian 
during  the  spring  of  1891. 

Foui'  hundred  and  flfty-six  boxes  are  now  occupied,  leaving  sixteen 
to  be  filled  by  new  accessions  during  the  next  fiscal  year.  Of  the 
journals  removed  from  the  reading  room,  such  as  would  be  of  i)ermar 
nent  use  in  the  scientific  work  of  the  Institution  were  transferred  to  the 
Library  of  the  National  Museum ;  the  remainder  were  forwarded  to  the 
Library  of  Congress. 

It  will  be  remembered  that  when  I  first  became  connected  with  the 
Institution  as  assistant  secretary  1  formulated  a  plan,  the  details  of 
which  will  be  found  in  my  report  for  1887-'88,  for  enlarging  the  acces- 
sions to  the  library  so  as  to  cover  more  completely  the  field  of  scientific 
knowledge,  and  also  for  completing  the  series  of  scientific  journals 
already  in  the  possession  of  the  Institution  which  for  any  reason  are 
imperfect. 

As  stated  in  my  report  for  1889,  the  work  of  executing  the  plan  was 
commence  on  June  1  of  that  year  and  has  been  assiduously  carried 
on  ever  since.  It  is  now  rapidly  approaching  completion,  and  it  is  esti- 
mated that  it  will  require  but  a  few  months  of  the  next  fiscal  year  to 
bring  the  work  as  originally  planned  to  a  termination.  So  rapid,  how- 
ever, has  been  the  advance  of  scientific  thought  in  the  interval  since  the 
preparation  of  the  list  that,  although  the  utmost  vigilance  has  been  ex- 
ercisexl  in  watching  for  the  appearance  of  new  scientific  journals,  it  is 
probable  that  very  many  such  have  newly  appeared  which  have  escaped 
notice.  A  certain  amount  of  supplementary  work  will,  therefore,  be  re- 
quired to  make  the  exchange  lists  conform  with  the  present  status  of 
the  periodical  literature  of  science  and  in  a  very  minor  degree  of  art 

A  list  of  the  new  exchanges  will  be  found  in  the  Appendix  (Report 
of  the  Librarian),  which  also  includes  a  list  of  important  accessions 
outside  of  the  regular  serials. 

It  may  be  remembered  that  in  my  report  for  1887-'88,  I  spoke  of  a 
certain  limited  number  of  books,  not  forming  part  of  the  Smithsonian 
deposit  in  the  Library  of  Congress,  obtained  by  purchase  from  the 
Smithsonian  fund  and  retained  at  the  Institution  under  the  name  of 
the  ^*  Secretary's  Library.'' 

These  books  are  mostly,  but  not  exclusively,  books  of  scientific  refer- 
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ence,  certain  art  serials  being  included  among  them,  and  though  all  are 
kept  in  the  Secretary's  office  they  are  at  the  service,  under  certain  neces- 
sary restrictions,  of  all  connected  with  the  Institution. 

This  collection  numbers  at  present  nearly  300  volumes,  and  while  it 
would  be  highly  desirable  to  enlarge  it  still  further,  this  is  rendered 
almost  impracticable,  because  the  Secretary's  office  is  already  filled  nearly 
to  its  utmost  capacity.  It  is  not  possible  either  to  place  the  collection 
of  works  of  reference  under  the  immediate  charge  of  the  hbrarian,  as 
the  rooms  which  he  occupies  are  already  over-crowded,  while  the  room 
on  the  same  floor,  which  would  naturally  be  the  one  to  which  the  library 
would  be  extended,  is  occupied  as  a  shipping  office  by  the  Bureau  of 
International  Exchanges. 

It  is  to  be  hoped  in  tlie  interest  of  the  library,  then,  as  well  as  of  the 
Bureau  itself,  that  Congress  will  provide  the  additional  quarters  which 
have  been  asked  for  the  latter. 

MISCELLANEOUS. 

Portraits  of  Regents. — The  Institution  is  under  obligation  to  the  Chief 
of  the  Bureau  of  Engraving  and  Printing  for  copies  of  engraved  por- 
traits of  several  former  Regents  of  the  Institution,  which  had  been  pre- 
pared for  official  purposes. 

Statue  of  Robert  Bale  Owen. — A  bill  appropriating  $20,000  for  a  statue 
of  Hon.  Robert  Dale  Owen,  of  Indiana,  who  was  among  the  first  and 
most  actively  interested  Regents  of  the  Institution,  was  introduced 
in  the  Senate  on  December  9, 1890,  by  the  Hon.  Daniel  W.  Voorhees,  and 
was  passed  on  the  same  day  by  the  Senate,  but  failed  to  secure  favor- 
able action  in  the  House  of  Representatives. 

Statue  of  Prof.  Baird, — I  have  the  honor  again  to  call  the  attention 
of  the  Regents  to  the  bill  which  was  passed  by  the  Senate  in  February, 
1888,  providing  for  a  bronze  statue  of  Prof.  Baird  in  recognition  of  the 
distinguished  services  rendered  his  country,  and  I  venture  to  express 
the  hope  that  this  subject  may  receive  the  earnest  consideration  of  his 
many  warm  friends  in  both  Houses  of  Congress. 

Capron  collection  of  Japanese  works  of  art. — An  appropriation  of 
$10,000  for  the  purchase  of  the  Capron  collection,  which  has  been  for 
several  years  on  deposit  in  the  Museum,  was  included  in  the  sundry  civil 
act  for  the  year  1891-'92,  thereby  securing  this  valuable  collection  of 
Japanese  works  of  art  to  the  Government. 

Perkins  collection  of  prehistoric  implements. — The  deficiency  bill  ap- 
proved October  1, 1890,  contained  an  appropriation  of  $7,000  to  enable 
the  Secretary  of  the  Smithsonian  Institution  to  purchase  of  Mr.  Fred- 
erick S.  Perkins  his  collection  of  prehistoric  implements.  This  sum 
was  duly  paid  to  Mr.  Perkins  and  the  collection  received  and  deposited 
in  the  National  Museum. 

Meteorological  records. — In  accordance  with  arrangements  made  with 
the  Chief  Signal  Officer,  U.  S.  Army,  Gen.  A.  W.  Greely,  the  meteoro- 
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logical  records,  forming  a  portion  of  the  archives  of  the  Smithsonian 
Institution,  and  representing  a  considerable  amount  of  work  accom- 
plished by  it  in  earlier  days,  have  been  temporarily  transferred  to  the 
Signal  Office,  and  deposited  there  in  a  fireproof  vault  for  custxKly  and 
storage.  These  records  serve  to  carry  back  the  meteorological  obser- 
vations of  the  Signal  Service  as  far  as  the  year  1840.    They  consist  of: 

346  bound  volumes  of  monthly  report*  by  observers  from  1840  to  1873,  inclusive. 

6  volumes  of  records  made  at  the  Smithsouiau  Institution. 
47  pasteboard  boxes  of  misceUaneous  records  by  locality. 
64  paper  packages  of  miscellaneous  records,  scraps,  etc. 

15  miscellaneous  note-books. 

1  large  package  of  manuscript  folio  sheets,  observations,  survey  northwestern 
lakes. 

7  royal  octavo  bound  volumes,  printed  reports. 

Bequest  of  Dr,  J.  R.  Bailey. — Information  has  been  received  that  Dr. 
J.  E.  Bailey,  late  of  Olmstead,  Ky.,  has  devised  his  library  to  the 
Smithsonian  Institution,  and  the  necessary  steps  will  be  taken  to 
acquire  possession. 

Assignment  of  rooms  for  scientific  work. — A  basement  room  especially 
suited  for  delicate  physical  measurements  on  account  of  its  freedom 
from  tremor  has  been  used  by  the  officers  of  the  United  States  Coast 
and  Geodetic  Survey  for  making  pendulum  observations. 

Stereotype  plates. — Owing  to  the  more  urgent  demands  of  current 
work,  but  little  progress  has  been  made  in  examining  and  re-arranging 
the  stereotype  plates  of  the  publications  of  the  Institution.  I  hope  to 
make  arrangements  during  the  coming  year  to  push  this  work  to  an 
early  completion. 

The  stereotype  plates  and  engravers'  blocks  are  cheerftilly  placed  at 
the  disjiosal  of  publishers  for  supplementing  or  illustrating  scientific 
works  privately  issued. 

U.  S.  NATIONAL  MUSEUM. 

In  my  representations  to  Congress  during  recent  years  I  have  felt 
called  upon  to  insist  ui>on  two  points :  First,  that  the  collections  have 
increased  so  rapidly  that  additional  space  is  required  for  their  proper 
administration,  and  that  unless  more  space  be  provided,  the  growth  of 
the  national  collections  must,  to  a  large  extent,  be  interfered  with; 
and  secondly,  that  the  collections,  although  growing  rapidly  in  certain 
directions,  are  not  developing  in  such  a  symmetrical  and  consistent 
manner  as  is  essential  to  the  necessities  of  the  work. 

I  feel  justified  in  assuming  that  it  is  the  intention  of  Congress  that 
the  National  Museum  of  the  United  States  shall  be,  as  far  as  a  museum 
can  be,  a  worthy  exponent  of  the  natural  resources  and  scientific 
achievements  of  the  nation,  that  it  shall  be  worthy  of  the  attention  of 
visitors  to  the  capital,  and  that  it  shall  perform  its  proper  functions 
as  one  of  the  scientific  departments  of  the  Government,  and  shall  also 
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promote  the  scientific  and  educational  interests  of  the  country  at  large. 
This  being  granted,  it  is  essential  not  only  that  the  collections  should 
grow,  and  grow  rapidly,  in  order  to  keep  pace  with  the  material  and 
intellectual  development  of  the  country,  but  also  that  a  competent  staft 
of  curators  should  be  constantly  at  work,  developing  by  scientific  study 
and  publishing  under  the  auspices  of  the  Government  the  facts  which 
are  essential  to  the  correct  understanding  of  the  material  under  their 
charge,  preserving  the  collections  from  destruction,  and  arranging  and 
classifying  them  in  such  a  manner  that  they  shall  be  immediately  ac- 
cessible to  the  students  of  science  from  all  parts  of  this  country  and 
from  abroad,  who  are  constantly  visiting  Washington  for  the  puri)ose 
of  consulting  the  collections  of  the  Government  in  connection  with  their 
own  scientific  studies. 

On  this  account  it  is  a  critical  time  in  the  history  of  the  Museum. 
Such  is  the  competition  for  material  that  the  National  Museum  of  the 
United  States  is  unable  to  hold  its  own  not  only  with  foreign  govern- 
ments and  with  local  museums  in  other  American  cities,  but  is  even  at 
a  disadvantage  when  its  collections  are  compared  with  those  of  many 
private  collectors.  For  instance,  there  are  in  this  country  several  pri- 
vate collections  of  minerals,  archseological  objects,  as  well  as  of  speci- 
mens relating  to  the  various  departments  of  zoology,  the  promoters  of 
which  can  seemingly  afford  to  pay  more  for  any  choice  objects  needed 
to  complete  their  collections  than  can  the  Government  of  the  United 
States.  It  is  somewhat  mortifying  to  see  collections  of  American  ob- 
jects, which  a  few  years  hence  will  undoubtedly  be  recognized  by  every- 
one as  essential  to  be  preserved  in  the  National  Museum  of  this  country, 
taken  away  to  foreign  countries  because  their  value  is  more  highly 
appreciated  there  than  at  home.  Whatever  may  be  considered  the 
proper  functions  of  the  National  Museum  of  the  United  States  in  regard 
to  other  matters,  it  will  always  be  expected  that  in  the  national  capi- 
tal the  collections  illustrating  ethnology  and  the  natural  resources  of 
this  continent  will  be  fiiUy  as  imposing  as  in  other  similar  establish- 
ments, and  that  the  national  collections  should  compare  favorably  with 
those  in  other  American  cities,  and  will  in  respect  to  American  material 
surpass  those  in  any  foreign  capital. 

It  is  not  my  wish  to  depreciate  the  importance  of  what  has  already 
been  done  by  the  Government  for  the  advancement  of  scientific  research, 
for  in  most  of  the  fields  in  which  really  serious  work  has  been  accom- 
plished, the  National  Museum  is  at  least  equal,  and  often  superior  to,  any 
other  in  the  United  States,  but  the  effort  to  maintain  the  collections  on 
this  footing  will  be  much  more  difficult  hereafter  than  in  the  past.  It 
would  be  unfortunate  if  students  of  American  natural  history  and  ethnol- 
ogy, who  have  hitherto  been  obliged  to  come  to  Washington  in  connec- 
tion with  their  studies,  should  hereafter  find  it  more  advantageous  to 
consult  private  collections  in  other  parts  of  this  country. 

Orawth  of  the  collections.— The  growth  of  tUe  uatioaal  collections 
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since  1881,  when  the  new  building  was  completed,  has  been  probably 
unprecedented  in  the  history  of  museums ;  and  this  has  rendered  it  nec- 
essary to  employ  a  force  of  men  proportionately  larger  than  is  found  in 
most  museums,  in  order  to  utilize  the  material  to  the  best  advantage. 
Notwithstanding  this  fact,  the  aggregate  appropriation  made  by  the 
United  States  for  museum  purposes  is  smaller  than  that  of  many  foreign 
governments. 

The  Museum  building  has  now  been  occupied  one  decade,  and  during 
this  time  the  total  number  of  specimens  of  all  kinds  catalogued  and 
ready  for  exhibition  or  study  has  increased  from  about  193,000  to  more 
than  3,000,000. 

Curatorships. — ^The  scientific  department!*  of  the  Museum  are  not  yet 
■all  supphed  with  curators.  The  Dumber  of  separate  departments  and 
•sections  is  now  33,  and  less  than  one-third  of  this  number  is  Under  the 
•charge  of  curators  paid  from  the  Museum  filnd  and  able  therefore  to 
devote  all  their  time  to  Museum  work.  By  far  the  largei*  humber  of 
the  scientific  departments  is  under  the  charge  of  oflleers  of  other  depart- 
ments of  the  Government  service  (for  instance,  the  Geological  Survey, 
the  Department  of  Agriculture,  the  Bureau  of  Ethnology,  and  the  Fish 
Commission),  who,  although  they  render  most  important  services  in  the 
way  of  supervision  and  general  direction  of  the  work,  are  necessarily 
so  occupied  with  their  own  pecuhar  administrative  duties,  that  they  can 
not  devote  very  much  of  their  time  to  the  development  of  the  collec- 
tions under  their  charge.  Three  important  zoological  departments  have 
for  a  great  many  years  been  under  the  charge  of  officers  of  the  Pish 
Commission.  Under  the  administration  of  Professor  Baird,  who  was 
at  once  Conunissioner  and  head  of  the  Museum,  it  was  considered  proper 
that  they  should  give  a  considerable  i)ortion  of  their  time  to  Museum 
work,  which  was  dire(;tly  tributary  to  the  results  which  Professor  Baird 
was  desirous  of  producing  in  connection  with  the  service  under  his 
charge.  Soon  after  the  death  of  Professor  Baird  it  became  necessary 
for  these  men,  although  still  retaining  their  positions  as  honorary  cura- 
tors in  the  Museum,  to  devote  nearly  aU  of  their  time  and  attention  to 
matters  relating  to  the  Fish  Commission.  If  it  were  possible  to  employ 
experienced  men  as  assistants  in  these  departments,  as  well  as  under 
the  other  honorary  curators,  important  advantages  wotdd  manifestly 
result.  At  all  events,  it  is  absolutely  necessary  to  have  a  curator  or 
assistant  curator  appointed  to  take  charge  of  the  work  in  each  depart- 
ment, in  order  that  the  material  collected  at  considerable  expense  by 
the  Government  shall  be  properly  arranged  and  identified,  and  that  the 
results  of  the  work  shalll  be  pubhshed  for  the  advancement  of  science. 
This,  however,  can  not  be  done  until  Congress  shall  see  fit  to  make 
more  Uberal  appropriations  for  the  maintenance  of  the  Museum. 

Increase  in  correspondence. — Within  the  past  three  years  there  has 
been  an  astonishingly  large  increase  in  the  number  of  calls  upon  the 
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Museum,  very  largely  by  Members  of  Congress  and  through  them  by 
their  constituents,  tor  scientific  information  of  all  kinds,  for  collections 
in  various  departments  of  natural  history  (scientifically  arranged  and 
named,  for  the  use  of  schools  and  colleges),  for  books  and  services  of 
many  kinds,  including  the  examination  and  identification  of  minerals, 
ores,  animals,  plants,  etc.  It  is  quite  safe  to  say  that  during  the  last 
three  or  four  years  the  correspondence  of  the  Museum  has  quadrupled. 
Special  pains  have  been  taken  not  only  to  reply  to  all  communica- 
tions in  full  and  with  great  care,  but  to  reply  promptly,  in  accordance 
with  the  constantly  increasing  demands  for  rapid  action  on  the  part 
of  the  public  officers  in  Washington. 

Salaries. — ^The  salaries  paid  to  employes,  especially  clerks,  copyists,and 
skilled  mechanics,  are  much  less  than  those  which  are  paid  for  similar 
services  in  the  Executive  Departments.  Many  of  our  most  usefal  assist- 
ants have  been  drawn  away  from  the  staff  and  called  to  places  in  the 
Executive  Departments,  where,  although  the  responsibilities  are  no 
greater,  they  receive  much  larger  rates  of  pay.  It  is  quite  essential 
for  the  efficiency  of  the  service  that  the  stipend  of  persons  of  this  class 
should  be  increased — not  necessarily  to  the  amounts  current  in  the  Execu- 
tive Departments,  but  to  such  figures  as  will  render  it  possible  to  retain 
useftd  employes  after  they  have  been  laboriously  trained  and  prepared 
for  their  work.  Within  a  year  or  two,  three  stenographers  and  type- 
writers have  been  drawn  away  from  the  office  of  the  Assistant  Secretary 
in  charge  of  the  Museum. 

Ifeed  of  additional  assistance. — It  is  absolutely  necessary  to  have  the 
collections  taken  care  of  as  fast  as  they  are  received,  and  although  they 
can  not  all  be  prepared  for  exhibition,  owing  to  lack  of  assistance  as  well 
as  want  of  exhibition  space,  yet  the  mere  preservation  of  the  specimens 
from  destruction  implies  very  great  labor,  especially  in  the  case  of 
zoological  objects.  Taking  into  consideration  the  fact  that  there  are  now 
about  thirty-three  distinct  scientific  departments  in  the  Museum,  to  each 
of  which,  on  an  average,  three  persons  at  least  are  attached,  it  will  be 
readily  understood  that,  after  all  the  expenses  have  been  met  for  the 
preservation,  care,  and  exhibition  of  the  specimens,  very  httle  remains 
for  maintaining  the  administrative  force.  The  need  of  additional  intel- 
ligent clerical  assistance  is  felt  in  every  branch  of  the  administrative 
work.  For  instance,  to  the  regular  duties  of  the  chief  clerk's  office  has 
been  necessarily  added  the  management  of  the  financial  matters  con- 
nected with  the  preparation  of  the  exhibit  for  the  World's  Columbian 
Exposition.  In  the  division  of  correspondence  the  increase  of  work  has 
been  very  great,  and  no  less  than  10,000  letters  are  now  required  to  be 
written  where  2,500  sufficed  only  a  very  few  years  ago.  A  similar  in- 
crease of  work  might  be  cited  in  all  the  other  administrative  offices,  but 
the  means  for  providing  adequate  assistance  are  not  at  hand.  In  this 
way  it  has  happened  that  the  appropriations  have  been  largely  used  in  the 
maintenance  of  the  scientific  departments  to  the  great  disadvantage  and 
H.  Mis.  334,  pt.  1 2 

Digitized  by  LjOOQ IC 


18 


REPORT   OF   THE   SECRETARY. 


impairment  of  the  administrative  work  of  the  Museum.  These  matters 
have  already  been  represented  in  strong  terms  in  previous  reports,  and 
the  Secretary  has  taken  every  available  means  of  calling  attention  to 
the  dangers  which  beset  the  National  Museum  owing  to  the  insuffi- 
ciency of  the  appropriations  made  by  Congress  for  its  maintenance.  It 
is  only  necessary  to  add  in  this  place  that  the  sum  mentioned  in  the 
statement  accompanying  the  report  for  1889  (pp.  35-38),  as  then  required 
for  services,  was  prepared  in  response  to  a  Senate  resolution  asking  for 
a  "  schedule  of  the  classified  service  of  the  officers  and  employes  of  the 
National  Museum,''  and  represented  the  needs  of  the  Museum  at  that 
time.  Since  then  there  have  been  large  increases  in  almost  every  de- 
partment of  the  Museum  work,  and  if  1  were  now  preparing  a  similar 
statement,  I  should  find  it  necessary  to  make  a  corresponding  increase 
in  the  totals  of  the  several  divisions  of  the  schedule  referred  to. 

The  operations  of  the  Museum  in  all  of  its  departments  for  the  fiscal 
year  ending  June  30, 1891,  are  fully  discussed  in  the  report  of  the  Assist- 
ant Secretary  in  charge  of  the  Museum,  and  therefore  reference  to  the 
work  of  the  Museum  will  here  be  restricted  to  some  of  the  most  impor- 
tant general  features. 

Accessions. — Ten  years  ago  the  National  Museum  moved  into  a  new 
building,  and  the  present  year  thus  marks  the  close  of  a  very  important 
decade  in  its  history.  The  increase  in  the  collections  during  this  period 
has  been  unexpectedly  large,  the  accessions  from  all  sources  now  num- 
bering 3,028,714  specimens.  In  1882,  when  the  first  census  of  the  col- 
ections  was  made,  the  total  number  of  specimens  was  estimated  at  less 
than  195,000.  The  totally  inadequate  space  provided  for  this  vast  accu- 
mulation of  material  has  been  so  frequently  commented  upon  in  pre- 
vious reports,  that  it  is  not  necessary  to  reiterate  the  urgent  recom- 
mendations which  have  been  made  to  Congress  for  another  building. 


Name  of  department.    1882.      1883.  I     1884. 
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1890-'91. 

«5,915 

0,083 

1,111 

1,111 

3,288 

3,288 

10,080 

10,080 

2,049 

2,994 

*600 

974 

*  1,250 

1,472 

•600 

•600 

20,890 

23,890 

447 

542 

IS  daring  the  year  1889-'90  in  ranch  greater  than  appears  trom 
for  1890.  This  is  explained  hy  the  apparent  absence  of  any 
»ey  and  Metallargy,  the  total  for  1890  in  both  of  these  depart- 
16,314  specimens,  owing  to  the  rejection  of  worthless  materiaT 

I  l)een  received  during  the  year,  the  total  number  of  specimens 
stimated  for  1889,  owing  to  the  rejection  of  worthless  materiaL 

II  3,000  and  4,000  specimens. 
}  or  1891. 
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Kame  of  department. 


1882.    I  1883.        1884.      «1885-'86.  188e-'87.  1887-' 


Arts  and  induHtrles— 
Continued. 

Modem  pottery,  por- 
celain, and  bronze« 

Paints  and  dyea 

"TheCatlinGaUery' 

Physical  apparatus 

Oils  and  gums 

Chemical  products 

Domestic  animals. . 

Ethnology 

American  aboriginal 

pottery 

Oriental  antiquities. . 
Prehistoric   anthro- 
pology  ;  35,5121  40,491 

Mammals  (skins  and  |  i 

aloohoUca) ,    4,660     4,920 

Birds 44,354J  47, 

Birds*  eggs  and  nests  , |  — 

BeptUes  and  batra-  '  | 

chians '  — 

Fishes I  50,000|  65,000 

Vertebrate  fossils , 

MoUusks 33,375 

Insects ,    liOOoI 

Marine  invertebrates  ;  ll,78l'  14.825 
ComparaUve  anatomy:;  ! 

Osteology '    3,535'    3,640 

Anatomy |         70        103 

PaUeoBoic  fosells , 20,000 

Mesozoic  fossils [ ' 

Cenozolc  fossils ( Included  wi 


2.278 

2,238 

77 

100 

5oa 

500 

250 

251 

197 

198, 

659 

661i 

I 


1,011 
100 
500 
251 
196 
661 


200,000^    500,000 

'  i 

12,000'      25,000' 


J 


5ai,764     506,464 

I 

26,022       27,122 


45,2521      65,314     101,659'     108,631 


I 


5,6941  7,451 
50,35Ui  55.945 
40,072)   44,163 


23,495 
68,000 


460,000 
500,000: 
350,000, 


400,000 
151,000 
200,000 

4,214 

3,000 
73,000 
100,000 
th  moUusks.) 


I 

7,81l' 

54,987 

48,1731 


25,3441 
76,OOol 


27,5421      27, 
100,000i    101, 


425,000|  455, 
585,000  595, 
450, 000     515, 


000^ 

000 

000 


}   10,210 

80,482| 
69, 742' 


11,022^      11,558 


Fossil  plants 

Becentplants* 

Minerals 

Lithology  and  pbysi-  \ 

cal  geology 9, 075 

Metallurgy  and  eco-  \ 

nomic  geology 

Living  animals 


Total 193,362  263,143,1,472,600 


4,624' 


7,291 


14,550 


16, 610 


12, 600       18, 000 


30, 000'      40, 000 


7,429 
30, 000 
18.401* 


84, 491  84, 

70, 775'  70. 

8.462  10, 

32, 000  38. 

18,601  21, 


20,647       21,500       22,500 


48,000 


2,420,944 


49, 000       51, 412 
220 


1888-'89.'n889-*90. 

I 


3,011 
109 
500 
251 
213 


3,132 
197 

263 


1890-'91. 


3,144 
197 

273 


r 


506.324 


28,222 
850! 


\     1, 112'  1, 112 

*  I 

66,  97 

bOS,&iO  610.630 


29.269       30,488 
3,485'        3,487 


116,4721  123,677  127,761 

i  I 

8,275  8,836  9,301        ^ 

57,974'  60.2191  62,601 

50,173|  51,24l!  52,166 


28.405 
107,350i 


468,000, 
603,000j 
516, 300, 


29,060  29,935 

122,575!  127,312 

*512,  621 

471,500  476,500 

618, 000;  630,000 

620,000  526.750 


11,753       12,326 


91, 126' 
71,236! 


12,981 

92,356       92,970 
71,3051      79,754 


10, 178|  10, 607 
38, 459  39, 654 
27, 690       37, 101 


27,000,1 

i 


62,076. 
»49li 


10,685 
80,617 
44,236 


•32,762       64,162 

I 


2, 666, 335  2, 803. 450  2, 864, 244  2. 895, 104  3, 028, 714 


•  No  cennns  of  collection  taken. 

'The  actual  increase  in  the  collections  durinf?  the  year  1889-'90  is  much  greater  than  appears  from 
a  compariiMn  of  the  totals  for  1889  and  for  18'.)0.  Tfiis  is  explained  by  the  apparent  absence  of  any 
•ocreajie  in  the  Deparbnents  of  Lithology  and  Metallurg>-,  the  total  for  1890  in  both  of  these  depart* 
meats  combined  showing  a  deeretue  of  46,314  specimens,  owing  to  the  rejection  of  worthless  materiaL 

"Incloded  in  the  historical  collection. 

*0iily  asniall  portion  of  the  collection  represented  by  this  number  was  r«*ceived  diuing  the  year 

'Up to  1890  the  numbers  have  reference  only  to  specimens  received  through  the  Museum,  and  do 
aotinclude  specimens  received  for  the  National  Herbariiun  through  the Departmentof  Agriculture. 

Theflgurps  given  for  1890-91  include  for  the  first  time  the  total  number  of  specimens  received  both 
at  the  National  Museum  and  at  the  Department  of  Agriculture  for  the  National  Herbariuui. 

•  Collections  combined  in  October,  1889,  under  Department  of  (Jeology.  The  apparent  rtecrease  of 
■Mrs  than  50  per  cent  of  the  estimated  total  for  1889  is  accounte<l  for  (1)  by  the  rt^Jection  of  several 
[]M'Q«attds of  specimens  from  the  collection,  and  (2)  by  the  fact  that  no  estimate  of  the  specimens 
ra  the  reserve  and  duplicate  series  is  included.  Of  the  total  for  1890,  about  16,000  specimens  c^.tinist 
chiefly  of  petrographical  material  stored  away  for  study  and  comparison  in  the  drawers  of  table  cases. 

'Transferred  to  the  National  Zoological  Park. 

Note.— The  fact  that  the  figures  for  two  successive  years  relating  to  the  same  collection  are  un- 
^hanced  does  not  necessarily  imply  that  there  has  been  no  increase  in  the  collection,  but  that  for  some 
■pccul  x^aaon  it  baa  not  been  pcMsible  to  obtain  the  figures  showing  the  increase. 
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The  WorWs  Columhicm  Exposition, — Mention  was  made  in  the  last 
report  of  tlie  provision  made  by  Congress  for  holding  an  exposition  in 
the  city  of  Chicago  in  1893  for  the  purpose  of  celebrating  the  four  hun- 
dredth anniversary  of  the  discovery  of  America  by  Christopher  Colum- 
bus. Dr.  G.  Brown  Goode  was  upon  my  nomination  appointed  by  the 
President  the  representative  of  the  Smithsonian  Institution  and  the 
National  Museum  upon  the  Government  Board  of  Managers  and  Con- 
trol. During  the  latter  part  of  the  year  the  Treasury  Depaitment  de- 
cided that  between  $30,000  and  $40,000  were  available  for  expendi- 
ture in  connection  with  the  preparation  of  the  Government  exhibits. 
This  sum  was  apportioned  by  the  Board  among  the  executive  depart- 
ments, including  the  Smithsonian  Institution,  the  National  Museum 
and  the  Fish  Commission:  the  Smithsonian  Institution,  including  the 
National  Museum  and  the  Biu-eau  of  Ethnology,  receiving  about 
$6,000.  This  amount  is  of  course  entirely  inadequate,  except  as  afford- 
ing the  means  of  making  a  commencement,  and  would  hardly  suf- 
fice for  the  preparation  of  a  satisfactory  exhibit  from  any  one  depart- 
ment in  the  Museum.  As  soon  as  this  money  became  available,  how- 
ever, several  of  the  curators  in  the  National  Museum  commenced  to 
prepare  plans  for  the  exhibits  of  their  departments,  and  a  small  force 
of  taxidermists  and  mechanics  was  engaged.  Mr.  E.  Edward  Earll 
was  appointed  chief  special  agent  in  April,  and  will  act  a«  the  executive 
ofl&cer  under  the  direction  of  the  representative  of  the  Smithsonian  In- 
stitution. 

BUREAU  OF  ETHNOLOGY. 

Ethnological  researches  among  the  North  American  Indians  has  been 
continued  by  the  Smithsonian  Institution  in  compliance  with  acts  of 
Congress,  during  the  year  1890-'91,  under  the  direction  of  Maj.  J,  W, 
Powell,  who  is  also  the  Director  of  the  U.  S.  Geological  Survey. 

The  work  of  the  Bureau  of  Ethnology  has  been  conducted  during  the 
year  in  accordance  with  the  system  before  reported  upon  and  explained. 
A  noteworthy  feature  of  it  is  that  the  ofl&cers  who  as  authors  prepare 
the  publications  of  the  Bureau  personally  gather  the  material  for  them 
in  the  field,  supplementing  it  by  study  of  all  the  connected  literature 
and  by  the  consequent  comparison  of  all  ascertained  facts.  The  contin- 
uance of  the  work  for  a  number  of  years  by  the  same  zealous  observers 
and  students,  who  freely  interchange  their  information  and  opinions,  has 
resulted  in  their  training  with  the  acutenessof  specialists,  corrected  and 
generalized  by  the  factors  of  other  correlative  specialties. 

At  the  close  of  the  last  fiscal  year  specific  exploration  of  the  mound 
areaby  the  United  States  ceased,  except  so  far  as  it  was  found  necessary  to 
correct  errors  and  supply  omissions.  A  large  part  of  the  results  of  the 
work  of  several  past  years  is  in  print,  though  not  yet  issued.  A  plan 
of  general  archseologic  field  work  has  been  practically  initiated  by  a 
systematic  exploration  of  the  tidewater  regions  of  the  District  of  Colum- 
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bia,  Maryland,  Virginia,  and  the  Ohio  \  alley,  which  determined  among 
other  points  of  interest  that  the  implication  of  great  antiquity  to  forms 
of  stone  implements  of  America  which  have  hitherto  been  classed  with 
European  palseoliths  in  age  as  well  as  in  fabrication  has  not  been  sub- 
stantiated by  the  ascertained  tacts. 

Careful  exploration  of  the  Verde  Valley  in  Arizona  followed  that  be- 
fore made  of  other  parts  of  the  large  southwestern  region  of  the  United 
States  in  which  the  presence  of  many  extensive  ruins  has  given  rise  to 
fanciful  theories.  The  data  as  classified  and  discussed  has  shown  that 
the  hypothesis  of  a  vanished  race  enjoying  high  civilization,  which  has 
been  proposed  to  account  for  the  architecture  of  the  ruined  structures, 
is  unnecessary. 

The  attention  already  given  to  Indian  languages  has  been  continued, 
in  recognition  of  the  fact  that  some  of  them  are  fast  passing  beyond  the 
possibility  of  record  and  study  and  that  the  ethnic  classification  of  all 
of  the  Indian  tribes  can  be  made  accurate  only  through  the  determina- 
tion of  their  linguistic  divisions  and  connections.  The  studies  upon 
aboriginal  mythology  and  religious  practices  has  also  been  continued, 
with  Bi>ecial  attention  to  the  ghost  dances  and  ^^  Messiah  religion,'^ 
which  have  produced  important  consequences  bearing  upon  the  prob- 
lem of  proi)er  national  dealing  with  the  Indians.  Official  misconcep- 
tion of  their  religious  philosophy,  which  has  been  forcedly  transfigured 
by  the  absorption  of  Christianity  so  as  to  present  more  apparent  than 
actual  antagonism  to  civilization,  has  occasioned  needless  loss  of  life 
and  treasure. 

Further  details  respecting  the  work  of  the  Bureau  will  be  found  in 
the  report  of  its  director,  given  in  full  in  the  Api)endix. 

NATIOCNAL  ZOOLOGICAL  PARK. 

The  primary  object  for  which  Congress  was  asked  to  establish  a 
National  Zoological  Park  was  to  secure  the  preservation  of  those 
American  animals  that  are  already  nearly  extinct,  and  this  object  it 
was  thought  would  be  best  secured  by  the  establishment  of  a  large 
inclosure  in  which  such  animals  could  be  kept  in  a  seclusion  as  nearly 
as  possible  like  that  of  their  native  haunts.  It  was  believed  that, 
except  for  initial  expenses  for  buildings  and  roads  for  the  public, 
this  could  be  done  with  an  outlay  comparatively  small,  probably  not 
exceeding  $50,000  a  year ;  for,  after  the  necessary  land  was  once  acquired 
and  fenced  in,  smaller  inclosures  and  paddocks  could  be  set  off  and 
inexpensive  bams  erected  at  about  this  yearly  charge. 

It  was,  in  the  nature  of  things,  inevitable  that  some  provision  should 
be  made  for  the  convenience  of  a  curious  and  interested  public,  as  well 
as  for  the  care  and  well  being  of  animals  unaccustomed  to  the  pres- 
ence of  man.  For  the  first  of  these  it  was  intended  to  set  aside  a  con- 
siderable area,  on  which  the  principal  buildings  should  be  placed  an 
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to  which  should  be  taken,  as  was  expedient,  such  of  the  animals  as 
might  interest  the  public,  the  larger  portion  of  the  park  being  still 
considered  as  a  natural  preserve  where  animals  need  be  disturbed  by 
no  unusual  surroundings,  and  where  it  was  hoped  they  might,  after  the 
time  necessary  for  their  acclimation,  breed  their  young. 

The  maintenance  of  a  park  devoted  to  these  purposes,  that  is,  pri- 
marily to  useful  and  scientific  ends,  and  secondly  to  recreation,  seemed 
to  those  interested  in  its  success  a  legitimate  tax  upon  national  re- 
sources, but  when  Congress  decided  that  one-half  of  the  necessary 
expense  should  be  raised  by  local  taxation  it  seemed  only  fit  that  the 
tax-payers  should  be  heard  in  their  wish  to  have  prominence  given  to 
the  feature  that  principally  interested  them,  and  their  chief  interest  was 
naturally  in  the  Park  as  a  place  of  recreation.  That  this  was  recog- 
nized by  a  considerable  body  in  Congress  became  evident  from  the 
subsequent  debates. 

The  moral  right  of  the  people  of  the  District  to  ask  consideration 
of  their  wishes  for  entertainment  in  return  for  the  outlay  which  falls 
upon  them  can  not  be  questioned,  and  so  far  as  this  could  be  recog- 
nized it  introduced  a  tendency  to  provide  an  establishment  more  like 
an  ordinary  zoological  garden,  or  permanent  menagerie,  than  the  com- 
paratively inexpensive  scheme  at  first  contemplated. 

In  view  of  the  circumstances  an  appropriation  was  asked  of  Con- 
gress, which  was  believed  to  be  smaller  than  was  consistent  with  the 
proper  ultimate  development  of  the  park,  but  on  an  estimate  which 
proposed  to  begin  on  the  most  economical  scale.  Thus,  for  the  general 
maintenance  of  the  collection,  $35,000  was  asked,  which  is  about  the 
same  as  the  annual  sum  spent  in  the  Central  Park  menagerie.  New 
York,  having  an  area  of  about  10  acres,  and  at  least  $10,000  less  than  is 
spent  either  at  the  zoological  garden  in  Cincini^ti  or  Philadelphia,  each 
having  an  area  of  about  40  acres.  When  it  is  reflected  that  these 
latter  enterprises  are  conducted  for  business  purposes  by  business  men, 
that  they  have  their  collections  already  nearly  complete  and  purchase 
but  few  new  animals,  it  will  be  seen  that  the  sum  asked  for  the  main- 
tenance of  the  107  acres  of  the  National  Zoological  Park  with  all  the 
expensive  animals  yet  to  be  procured  was  certainly  not  extravagant. 
Congress  reduced  this  estimate  to  $17,500,  a  sum  for  which  as  a  year's 
experience  has  now  shown  the  Park  can  not  be  maintained. 

For  buildings,  an  appropriation  of  $3G,850  was  asked.  In  this  con- 
nection it  may  be  recalled  that  in  the  Philadelphia  gardens  the  build- 
ings and  inclosures  cost  $194,705.  The  sum  estimated  was  intended  to 
cover  all  inclosures  and  structures  of  every  character  indispensable  on 
the  modest  scale  proposed.    Congress  reduced  this  to  $18,000. 

The  average  expense  of  preparing  such  uncultivat-ed  grounds  in  city 
parks  elsewhere  has  proved  to  be  at  least  $2,900  per  acre.  The  sum  of 
$29,500  was  asked  for  that  purpose,  as  no  more  than  suf&cient  to  fit 
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sach  portions  of  the  park  as  were  necessary  for  the  immediate  accom- 
modation of  the  public.    Congress  reduced  this  to  $15,000. 

These  reductions  have  not  only  obliged  me  to  retard  the  development 
on  the  lines  that  had  been  laid  down,  but  have  increased  the  ultimate 
cost;  for  where  living  creatures  are  in  question  it  is  plain  that  they 
have  not  only  to  be  fed  and  guarded  but  to  be  housed;  and  all  this  at 
once,  under  penalty  of  their  loss.  Congress  has  plainly  intended  that 
they  should  be  preserved,  and  that  some  sort  of  roads  and  access  for 
the  public  should  be  provided  this  year. 

The  result  has  necessarily  been,  that  with  every  effort  to  obtain  per- 
manent results  there  has  been  a  partial  expenditure  of  the  absolutely 
insufficient  grant  on  enforced  expedients  of  a  temporary  character, 
which  are  not  in  the  interests  of  economy. 

It  is  extremely  desirable  that  a  sum  for  emergencies  be  secured  in 
the  next  appropriation.  In  carrying  forward  from  the  beginning  novel 
and  untried  work  of  such  varied  character,  unforeseen  difficulties  must 
inevitably  arise,  but  no  provision  has  been  made  for  these,  nor  even  for 
such  readily  anticipated  emergencies  as  are  caused,  for  instance,  by 
floods  in  grounds  traversed  by  a  stream  which  has  been  known  to  rise 
6  feet  in  less  than  half  an  hour. 

The  difficulties  which  thcvse  conditions  have  imposed  on  the  adminis- 
tration of  the  park  may  be  fairly  called  extreme,  and  the  amount  and 
character  of  what  has  been  effected  must  be  considered  in  this  con- 
nection. In  spite  of  these  the  result,  I  think,  may  be  said  to  be,  that  at 
least  as  a  source  of  interest  and  amusement  to  the  people  the  park  has 
exceeded  the  most  sanguine  expectations. 

As  the  available  funds  were  small  it  was  necessary  to  limit  the  area 
of  the  park  which  should  be  first  improved.  It  was  found  that  the  ani- 
mals on  hand  could  be  accommodated  within  an  area  of  40  acres,  and  a 
tract  of  about  that  size  was  selected,  extending  along  the  main  drive 
from  Quarry  road  to  Connecticut  avenue  through  the  most  interesting 
portion  of  the  park.  This  main  road  was  laid  out,  graded,  and  metalled 
early  in  the  fiscal  year,  and  steps  were  taken  to  construct  a  permanent 
bridge  over  Bock  Creek  at  the  place  where  the  road  should  pass.  As 
was  anticipated,  the  construction  of  the  bridge  presented  serious  en- 
gineering difficulties.  Eock  Creek  is  usually  a  quiet  shallow  stream, 
but  becomes  in  times  of  freshet  a  powerful  torrent.  It  was  necessary  to 
erect  a  structure  that  would  withstand  these  floods  and  desirable  that 
it  should  be  one  which  would  not  mar  the  beauty  of  the  valley.  After 
a  careful  consideration  of  several  designs,  motives  of  economy  com- 
pelled the  erection  of  a  bridge  of  wood  and  iron,  resting  upon  stone 
piers  15  feet  above  ordinary  water  level,  sufficient  as  an  engineering 
structure  but  having  no  claim  to  beauty  other  than  that  of  utility.  At 
the  close  of  the  year  these  piers  had  been  erected  and  the  superstruc- 
ture contracted  for  but  not  yet  placed.    In  the  meantime  temporary  in- 
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exi)eimve  wooden  bndgeis  Uave  beeu  in  ane*    DariDg  the  progress  of 
Urn  wmk  th^y  have  l>*ieu  wveraJ  times  Kwept  away  orsmoaslyiniiired, 

A  uumhet  of  tree*  have  been  |>laut«d  in  different  parte  of  the  pariL, 
In  «onie  i>Im'a*m  ftpr  oruajueut,  in  otUern  to  secure  the  proper  sedusion  of 
animaU.  A  ^:ouj»iderable  area  of  o|ien  laud  h3»  been  pr^Kired  for  lawn 
and  iKMtuie  grounds, 

Tlie  developiniiut  of  the  park  ban  proceeded  steadily  daring  the  year, 
the  minimum  of  change  in  the  liatural  features  of  the  picturesque  region 
luting  mafic,  on  prim-ipU^  and  independent  of  any  considerations  of 
eiionomyp  As  the  aj>[mKM;h  from  the  city  by  the  way  of  the  Quarry 
road  <iouhl  be  maile  available  at  tlie  least  expense  to  the  park,  that 
roa<l  (m  ailopteil  provisionally  as  the  main  carriage  entrance.  At  the 
re^juest  of  the  Hwretary  the  (yommissioners  of  the  District  of  Columbia 
ex()6ndc4  a  sum  of  $1,(M)0  in  gnuling  and  repairing  this  road,  but  while 
it  has  iu^vvoaI  a  usi^fiil  f)iirpoHc>  it  is  still  far  fi*om  satisfactory  as  a  prin- 
cipal avenue  of  a[)[)roiu'h.  The  grade  is  steep,  the  carriage  way  nar- 
row, and  the  roa<lbc<l  not  suf!l(acntly  thick  to  endure  heavy  travel. 

The  systi^m  of  roa4ls  con  t«*.mplati^s  other  means  of  approach,  especially 
a  bridle  path  by  the  way  of  Ontario  avenue,  a  footpath  (which  will 
probably  be  enlargtMl  to  a  carriage  rotul  as  means  may  i)ermit)  by  the 
way  of  \Voodh\v  Bridge,  ext<Miding  along  the  creek  through  the  park 
as  lUr  as  the  Klhigle  Bridge,  and  a  carriage  road  entering  from  Con- 
necticut avenue  extended  on  the  west  side  of  the  park,  by  which  per- 
sonti  brought  by  the  Hock  Creek  Rail  way  can  readily  pass  in.  A  wind- 
ing Ibotpath  tVom  the  Adams  Mill  road  letuls  by  means  of  rudely  con- 
structed stei>s  and  a  simple  rustic  bridge  down  the  cliffs  and  across  a 
narrow  ravine  into  the  occupied  portion  of  the  park. 

UefiUH^  auimtUs  could  be  sately  kept  in  the  park,  it  was  necessary  to 
iucUK^e  it  so  as  to  iusuro  iHUitrol  of  all  the  territory  within  its  limits. 
A  boundary  fence  was  theivl(i)rt^  built,  and  experience  has  shown  it  to 
be  absolutely  essential  to  the  sivfety  and  well-being  of  the  animals  as 
well  as  to  the  pi*evservation  of  the  ti^ees,  shrubbery,  and  property  of  the 
j>ark. 

Near  what  is  for  the  pre^j^ent  the  princi]>id  entrance  is  a  disused 
quarry,  t\x>m  which  arise  prei*ipitous  cliffs  and  bold  n>cky  ledges.  It 
seemeil  paiticulaily  well  tittcil  fi>r  the  inmstruction  of  dens  and  yards 
fiu*  beai*s,  A  series  of  caverns  has  l)een  blast eil  in  the  rock  and  inclosed 
by  a  stout  iron  fcuce.  Within  the  fence  aro  large  and  ci>mmodious 
yanls  iu  which  have  l.>eeu  coristruote<l  birthing  jkk)Is,  with  water  flow- 
ing constantly  fvt>m  a  lar:;e  spring  outsitle  the  ^Kirk  at  the  side  of  Quarry 
road.  The  ivsult  h.k<  been  a  place  admirably  a^laptcil  for  the  health 
and  genei*al  welfare  of  the  animals,  iis  well  t^s  a  mi>st  picturesque  and 
striking  teat  are.  It  hifcs  been  found  utvessiiry,  iu  onler  to  pn)tect  the 
yards  fi-om  falling  dirt  and  debrb  swept  down  the  clitis  by  rains,  to  build 
a  retaining  wtUl  on  the  letlge  above  the  deiis  at  once,  and  this  has  been 
dutte  in  part,  tor  the  rea^sons  already  stateil,  iu  such  a  manner  as  it  is  to 
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be  feared  will  necessitate  very  early  removal.  It  is  most  desirable  that 
the  boundary  of  the  park,  which  now  runs  along  the  very  edge  of  this 
precipice,  should  be  carried  back  a  few  yards  to  thus  avoid  the  expense 
of  a  costly  permanent  retaining  wall. 

A  house  for  the  bison  has  been  built  and  another  for  animals  re- 
quiring warmer  winter  quarters  is  in  course  of  construction,  a  portion 
of  it  being  already  occupied.  It  will  not  be  possible  to  complete  this 
house  upon  the  original  plan  under  the  present  appropriation,  but  it 
was  deemed  a  wise  economy  to  accept  a  design  which  could  be  par- 
tially completed  and  extended  as  the  need  for  more  room  became 
pressing  a,nd  other  means  should  become  available. 

Already  the  establishment  in  the  United  States  of  a  National  Zoolog- 
ical Park  under  the  management  and  guidance  of  the  Smithsonian  In- 
stitution has  attracted  the  attention  of  similar  institutions  and  of  nat- 
uralists in  other  countries,  and  liberal  offers  of*  gifts  and  exchanges 
have  been  made. 

From  Sumatra,  from  the  islands  of  the  Pacific,  from  the  shores  of 
Alaska,  and  from  our  own  national  parks,  have  come  offers  of  gifts  or 
terms  of  purchase,  but  I  regret  to  say  that  it  hafe  been  necessary  to 
defer  acceptance  of  all  these  offers  owing  to  lack  of  funds  even  to  pay 
transportation. 

NECROLOGY. 

GEORGE  BANCROFT. 

It  seems  unnecessary  to  give  here  more  than  a  brief  outline  of  the 
connection  of  the  distinguished  historian,  the  Hon.  George  Bancroft, 
with  the  Smithsonian  Institution. 

Mr.  Bancroft  was  elected  by  Congress  a  regent  from  the  city  of  Wash- 
ington, December  11, 1874.  He  was  appointed  chairman  of  a  special 
committee  to  memorialize  Congress  for  a  building  for  the  National  Mu- 
seum; he  served  on  a  committee  under  whose  direction  a  portrait  of 
Prof.  Henry  was  painted,  and  on  January  20, 1875,  was  elected  a  mem- 
ber of  the  executive  committee.  He  resigned  from  the  Board  in  March, 
1878,  after  serving  four  years.    Mr.  Bancroft  died  on  January  17,  1891, 

WILLIAM  TECUMSEH  SHERMAN. 

As  in  the  case  of  Mr.  Bancroft,  any  extended  notice  of  the  life  of 
Gen.  Sherman  would  seem  entirely  superfluous,  but  it  is  fitting  that  I 
should  mention  here  his  interested  and  valuable  services  upon  the 
Board  of  Eegents. 

Gen.  Sherman  was  elected  by  Congress  a  regent  from  the  city  of 
Washington,  January  30, 1871,  and  became  a  member  of  the  executive 
committee  of  the  Board,  March  9  of  the  'same  year.  His  resignation  from 
the  Board  was  presented  November  12,  1874,  on  account  of  a  change  o^ 
residence  from  Washington  to  St.  Louis. 
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The  following  extract  from  his  letter  of  resignation  expresses  his  deep 
interest  in  the  Institution  and  his  views  as  to  its  policy : 

In  thus  severing  my  official  connection  with  the  Smithsonian.  I  beg 
leave  to  express  to  you  and  your  associates  my  sense  of  the  noble  task 
in  which  you  are  engaged,  and  of  my  earnest  prayer  that  the  institution 
under  your  management  will  continue  to  fulfill  its  magnificent  design. 

A  knowledge  of  science,  that  is,  of  the  laws  of  nature,  is  so  intimately 
connected  with  the  advance  of  higher  civilization  that  Mr.  Smithsou 
displayed  unusual  wisdom  in  so  endowing  his  institution  that  it  should 
give  its  principal  labor  to  the  increase  of  knowledge,  to  accumulating 
and  securing  new  knowledge  to  be  added  to  the  old,  which  should  be  a 
special  province  of  the  universities  of  the  whole  earth.  I  therefore  coin- 
cide with  you  perfectly  in  your  special  construction  of  the  will,  and  hope 
that  the  Itegents  will  continue  to  construe  it  literally  as  a  legacy  sacred 
in  its  nature  and  beneficial  in  the  highest  degree. 

I  beg  you  will  assure  your  associates  that  among  the  many  causes  of 
regret  at  leaving  Washington  none  impresses  me  more  than  that  which 
forces  me  to  sever  my  relations  with  the  Eegents  of  the  Smithsonian 
Institution. 

Upon  his  return  to  the  capital  he  was  reelected  by  Congress  a  regent 
from  the  city  of  Washington,  March  25,  1878,  and  again  became  a  mem- 
ber of  the  executive  committee  on  May  17  following.  He  served  as 
chairman  of  a  special  committee  of  the  Board  to  make  arrangements  for 
the  funeral  ceremonies  of  Prof.  Henry,  May  13,  1878,  and  was  elected, 
January  15,  1879,  by  the  Board  to  make  an  address  at  the  memorial 
services  of  Prof.  Henry  in  the  United  States  Capitol.  A  few  extracts 
from  his  address  at  the  services  on  January  16, 1879,  are  eminently 
characteristic,  and  may  be  most  appropriately  quoted  here: 

From  the  beginning  the  living  have  paid  homage  to  the  virtues  of  the 
dead ;  for  immortality  is  the  dream  of  man.  From  Agra  to  Washing- 
ton scarce  a  city,  town,  or  village  but  contains  some  monument  design^ 
to  perpetuate  the  memory  of  one  who  has  passed  from  earth.  Moun- 
tains have  been  excavated,  pyramids  built,  temples  have  been  erected, 
and  granite,  marble,  and  bronze  shaped  into  every  conceivable  form  to 
give  expression  to  honor,  respect,  affection,  and  love  for  some  dead  hero, 
warrior,  statesman,  or  philosopher.  These  earthly  tributes  can  be  of 
no  service  to  the  dead,  but  they  form  lasting  records  of  deeds  held 
honorable  among  men;  are  strong  incentives  to  noble  a<3ts  in  the  pres- 
ent, and  mark  a  steady  progress  toward  that  better  condition  which  is 
the  ultimate  destiny  of  the  human  race. 

We  are  not  assembled  to-night  to  shape  in  marble,  or  granite,  oi 
bronze  the  human  form  of  our  countryman  and  friend.  Prof.  Joseph 
Henry,  but  in  order  that  those  who  knew  him  best  may,  by  simple  trib- 

r  public  testimony  to  the  merits  of  one 
st  resplendent  type  of  moral  and  intel- 
little  thought  of  self,  rendered  eminent 
He  needs  no  monuipent,  for  where- 
travels  the  poles  and  continuous  wires 
enry  of  all  men  we  are  most  indebted 
bhe  telegraph. 
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It  was  a  scientific  En^jlishman,  a  skillful  analytical  chemist  of  Lon- 
don, who  conceived  the  thought  and  provided  the  means  whereby  Prof. 
Henry  was  enabled  to  accomplish  so  much  further  good.  Arts  may 
have  been  lost  or  forgotton,  because  no  longer  needed,  and  the  world^s 
libraries  and  universities  already  possessed  in  abundance  the  vast 
accumulations  of  knowledge  which  had  for  ages  been  garnered  and 
stored  away  in  these  valuable  rei)ositories  of  learning,  yet  nature  re- 
mained so  bountiful  that  there  could  be  no  danger  that  her  fountains 
would  become  exhausted,  and  Mr.  Smithson  provided  for  an  institution 
which  accepts  all  the  past^  and  provides  only  for  the  future.  He  en- 
dowed munificently  the  mstitution  (which  bears  his  name  here  in 
Washington)  for  collecting  new  knowledge,  and  for  distributing  it  to 
all  parts  of  the  earth.  Great  was  the  conception,  generous  the  endow- 
ment, and  fortunate  that  the  execution  fell  to  the  lot  of  Prof.  Henry. 

For  this  reason  the  memory  of  his  life  and  fame  should  be  treasured 
by  all  as  an  example  to  the  youth  of  our  land  to  show  that  honor  and 
fame  may  be  earned  in  the  school  of  philosophy  as  well  as  in  the  more 
tempting  and  active  scenes  of  public  life. 

Many  students,  who  at  this  moment  are  hard  at  work  on  their  studies 
for  the  advantage  of  mankind,  will  feel  themselves  personally  encour- 
aged and  honored  by  the  tokens  of  respect  and  affection  thus  paid  their 
prototype,  Prof.  Henry;  and  their  stimulated  labors  in  the  cause  of 
that  science  he  loved  so  well  will  erect  to  him  a  monument  more  lasting 
than  of  brass  or  marble. 

On  January  17, 1879,  Gen.  Sherman  was  elected  by  the  Board  a  mem- 
ber of  the  commission  for  erecting  the  National  Museum  building,  and 
on  March  7  he  was  chosen  chairman  of  this  commission. 

"  The  office  of  member  of  this  commission,''  he  says  in  his  first  report, 
presented  January  19,  1880,  "  has  been  by  no  means  a  sinecure,  weekly 
meetings  having  been  held  with  scarcely  an  interruption  from  the  first 
organization." 

The  second  report  Gen.  Sherman  presented  January  18, 1881,  and  the 
final  report  January  2,  1882.  In  the  latter  he  *^  begs  to  refer  to  the  im- 
portant fact  that,  while  a  building  is  presented  equal  in  every  respect 
to  what  was  anticipated  -  -  -  instead  of  incurring  a  deficiency,  the 
fund  has  been  so  managed  as  to  have  to  its  credit  an  available  balance 
of  some  thousands  of  dollars.'' 

Gen.  Sherman  took  a  great  interest  in  carrying  into  effect  the  act  of 
Congress  providing  for  a  statue  of  Prof.  Henry.  He  was  active  in  in- 
ducing Congress  to  appropriate  money  to  fireproof  the  east  wing  of  the 
Smithsonian  building,  and  he  was  elected  January  17,  1883,  by  the 
Board  with  the  chancellor  and  secretary  upon  a  special  commission  "to 
act  for  and  in  the  name  of  the  Board  in  carrying  into  effect  any  act  of 
Congress  which  might  be  passed  providing  for  the  erection  of  an  addi- 
tional building  for  the  National  Museum." 

His  second  term  as  regent  expired  March  25,  1885,  when  he  removed 
his  residence  to  New  York.  He  died  February  14,  1891.  For  eleven 
years  Gen.  Sherman  was  diligent,  active,  attentive,  and  enthusiastic  ir 
his  devotion  to  the  Institution. 
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The  detailed  reports  from  the  Bureau  of  Ethnology,  the  International 
Exchanges,  the  National  Zoological  Park,  and  the  Library,  and  the 
report  .on  the  publications  of  the  year  are  appended. 
Eespectfiilly  submitted. 

S.  P.  Langley, 

Secretary. 
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Appendix  I. 

REPORT  OF  THE  DIRECTOR  OF  THE  BUREAU  OF  ETHNOLOGY  FOR  THE 
YEAR  ENDING  JUNE  30,  1891. 

Sir:  Ethnologic  researches  among  the  ^orth  American  Indians  were  continued, 
under  the  Secretary  of  the  Smithsonian  Institution,  in  compliance  with  acts  of 
Congress,  during  the  year  1890-'91. 

A  report  upon  the  work  of  the  year  is  most  conveniently  presented  under  two 
general  heads,  viz,  field  work  and  office  work. 

FIELD  WORK. 

The  field  work  of  the  year  is  divided  into  (1)  arohssology,  and  (2)  general  field 
studies,  the  latter  being  directed  chiefly  to  religion,  technology,  and  linguistics. 

Archaologic  field  work, — At  the  close  of  the  last  fiscal  year  general  exploration  of 
the  mound  region  was  discontinued  and  the  archseologic  field  work  was  placed  in  the 
charge  of  Mr.  W.  H.  Holmes.  During  the  summer  of  1890  he  began  the  work  of  arch- 
aeological exploration  in  the  Atlantic  coast  States.  The  ancient  quarries  of  quartzite 
bowlders  and  of  steatite  within  the  District  of  Columbia  were  explored  and  extensive 
excavations  were  made.  This  work  was  continued  throughout  July,  and  in  August 
a  quarry  site  near  the  new  U.  S.  Naval  Observatory  on  a  ridge  overlooking  Rock  Creek 
Valley  was  examined.  The  phenomena  observed  upon  this  site  were  practically  iden- 
tical with  those  of  Piny  Branch  described  in  the  last  annual  report.  A  large  area  of 
the  Potomac  bowlder  beds,  2  or  3  acres  in  extent,  had  been  worked  over  to  the  depth 
of  several  feet  by  the  aboriginal  quarrymen  and  all  available  bowlders  had  been 
utilized  in  the  manufacture  of  leaf-shaped  blades.  These  were  probably  the  blanks 
subsequently  specialized  as  spear  and  arrow  points,  perforators,  and  similar  instru- 
ments. 

In  August  Mr.  Holmes  made  a  trip  to  the  Mississippi  Valley  for  the  purpose  of  re- 
examining some  mound  groups  not  explored  with  sufficient  care  by  the  assistants 
before  intrusted  with  that  work.  A  week  was  spent  in  Grant  County,  Wis.,  map- 
ping the  remarkable  groups  of  effigy  mounds  for  which  that  region  is  noted.  Sub- 
sequently he  visited  Pulaski  County,  Ark.,  and  made  a  survey  of  the  Knapp  mounds 
at  Toltec  Station,  whence  he  proceeded  to  the  vicinity  of  Hot  Springs,  Ark.,  to  ex- 
amine the  ancient  novaculite  quarries  near  that  place.  Apparently  the  early  inhabi- 
tants had  quarried  this  rock  on  an  extensive  scale  and  had  used  it  in  the  manufac- 
ture of  spear  and  arrow  points  and  other  articles.  The  pittings  were  on  a  large 
scale^  even  surpassing  those  of  the  District  of  Columbia  quarries,  and  had  generally 
been  attributed  by  white  settlers  to  Spanish  gold  hunters  of  an  early  period. 

In  September  and  October  Mr.  Holmes  resumed  his  explorations  in  the  District  of 
Columbia  and  extended  the  work  into  the  valley  of  the  Potomac  between  Point  of 
Rocks  and  Cumberland,  Md.,  and  into  the  Ohio  Valley  as  far  as  Allegheny  City.  A 
trip  was  next  made  to  the  eastern  shore  of  the  Chesapeake,  and  a  very  interesting 

29 


Digitized  by  VjOOQ IC 


30  REPORT  OP   THE   SECRETARY. 

Indian  village  site  on  the  Chop  tank  River,  2  miles  below  Cambridge,  was  examined. 
An  ancient  community  of  oyster  dredgers  had  been  established  on  a  bluff  about  20  feet 
above  tide  level.  Subsequently  this  site  was  buried  by  wind-driven  sand  to  the 
depth  of  20  feet,  and  more  recently  the  waves  have  encroached  upon  the  land,  expos- 
ing a  section  of  the  bluff  and  its  buried  village  site.  The  most  important  feature  of 
this  exposure  was  the  section  of  an  ossuary  or  burial  pit  12  feet  iu  diameter  and  5 
feet  deep,  which  had  been  dug  upon  the  village  site  and  filled  with  a  mass  of  dis- 
connected human  bones,  all  of  which  were  in  an  advanced  state  of  decay.  They 
were  not  accompanied  by  objects  of  art. 

In  April  Mr.  Holmes  made  a  journey  to  Bartow  County,  Ga.,  and  to  Coahoma 
County,  Miss.,  to  make  necessary  observations  of  the  great  groups  of  mounds  at 
these  points.  The  principal  Bartow  County  mound  belongs  to  the  group  known  as 
the  Etowah  group,  and  is  a  splendid  example  of  the  work  of  the  unidentified  build- 
ers. The  shape  of  the  great  mound  is  that  of  a  four-sided  truncated  pyramid  but  is 
not  wholly  symmetric.  It  is  63  feet  high  and  measures  about  175  feet  across  the 
nearly  level  top.  The  measurements  of  the  four  sides  of  the  base  are  380, 330, 360, 
and  350  feet.  The  slopes  are  steep,  reaching  in  places  45^,  and  are  broken  by  two 
decided  eccentricities  of  configuration.  On  the  south  is  a  terrace  from  40  to  50  feet 
wide,  sloping  to  the  base  level  of  the  mound  at  the  east  and  ending  in  a  nearly  level 
platform  about  45  feet  square  at  the  west  end.  This  platform  is  about  20  feet  lower 
than  the  mound  aud  does  not  appear  to  have  had  means  of  communication  with  its 
summit.  This  irregular  terrace  has  been  called  a  roadway,  but  it  has  more  the 
character  of  an  addition  to  the  great  mound  in  process  of  construction.  The  other 
eccentricity  alluded  to  is  a  graded  way  extending  out  to  the  east  from  the  summit 
of  the  mound,  and  which  to  all  appearances  is  the  real  roadway  to  the  summit. 
This  way  is  20  or  more  feet  in  width,  though  somewhat  broken  down  by  erosion, 
and  has  a  slope  of  only  21"^.  There  can  be  little  doubt  that  this  mound  was  the 
stronghold  of  the  village  and  that  its  top  was  inclosed  by  a  stockade. 

The  Carson  mounds  in  Coahoma  County,  Miss.,  form  a  group  of  unusual  interest. 
There  are  four  mounds  of  large  size,  two  of  them  being  oblong  and  with  thin  summits. 
The  highest  has  an  elevation  of  25  feet.  Scattered  about  these  large  mounds  are 
nearly  a  hundred  smaller  ones  from  1  to  6  feet  in  height  aud  from  10  to  200  feet  in 
diamett>r,  most  of  which,  as  refuse  indicates,  represent  house  sites.  The  house  doors 
have  been  of  clay  well  smoothed  on  the  upper  surface  and  the  walls  and  iH>s8ibly  the 
coverings  have  been  of  clay  supported  by  a  framework  of  c;uies.  The  clay  has  in 
many  oases  been  bosketl,  but  whether  from  design  in  building  or  tlirough  the  de- 
struction of  the  structure  by  fire,  is  not  easily  determined.  There  are  numerous 
large  pits  about  the  bonier  of  the  site  from  which  the  earth  used  in  building  the 
mounds  has  been  obtaine^l.  The  area  covered  by  the  village  is  three-fourths  of  a 
mile  long  by  half  a  mile  wide. 

In  the  spriu:j  ot'  is^l  Mr.  Holmtrs  besran  the  systematic  exploration  of  the  tide- 
water reirioQ"*  of  SiarvLkiid  and  Vir«zinia,  which  inohidetl  a  study  of  the  art  remains 
an<l  of  t  he  pheuooir-a.*  of  *ht*Il  ^»ank.s  and  village  sites,  as  well  as  the  mapping  of  all 
sites  which  have  int#*r»--»t  to  the  historian  and  the  archipologist.  In  this  work  he  was 
as  ssitetl  by  Mr.  WlIu  wm  DmwitMie  and  f«>r  a  short  perio*l  by  Mr.  (ierard  Fowke. 

Thrott:jh  dt^camearary  *vi.ience  it  i-*  knovrn  that  the  tide- water  region  was  oocu- 
pietl  by  triUM  of  Alx'^tn^nun  ^tix^k  Wlon^iiuij  to  the  Powhat;m  Confederacy.  So 
thoc\>ughly  h  we  th«-y  o*'cnpie«l  thi*  ct*riatry  that  alonsr  the  water  courses  nearly 
every  available  sit*-  b^.ir»  eviil*-a'-e  of  ocenpation.  and  in  the  siilt  and  brackish  sec- 
tions of  the  w:*ter  cour***H  -ih^ll  b  ink-* — the  kitohen-middens  of  this  people — cover  the 
shores  in  alm«v*t  coariniiotrs  line's.  So  numen>us  were  the  sites  that  a  careful  study 
of  all  was  forind  lt>  t>e  iiupr.irci«':iM»*.  and  it  was  delermiuetl  to  sele^'t  for  detailed 
examination  a  *m;iU  naaiWr  .»f  tl.«>*«?  th:U  are  typii-al.  Ou  the  Potomac  the  follow- 
i»g  kwalitiet^  have  l>eeu  oh'x^a  E'or  %  -r*»'<iil  <tu«ly:  The  vicinity  of  the  Little  Kails, 
MtiMhead  of  tide  water;  itie  *i:e  of  v>uiith*s  town  of  ••Nacotchtauk."  now  Auaco*- 
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tia;  '^  Chapowamsie ''  Islaud  at  the  month  of  the  creek  of  that  name;  the  site  of  the 
village  of  "Potowomeck"  on  Potomac  Creek;  tlie  shell  deposits  of  Goose  Creek,  a 
branch  of  Port  Tobacco  River;  the  great  shell  mounds  of  Pope's  Creek,  and  the  oys- 
ter dredging  stations  about  the  mouth  of  Wicomico  River.  Many  sites  upon  the 
west  shore  of  Chesapeake  Bay  and  on  the  Patuxent  River ;  also  many  village  siteg 
upon  the  James,  most  of  them  mentioned  and  located  by  Capt.  John  Smith,  were 
visited  and  examined.  These  include  **Chesapeac,"  on  Lynnhaven  Bay,  Virginia, 
"Nansamund,"  ou  Chnckatnck  Creek,  west  of  Norfolk;  Jamestown  Island;  "Cha- 
wopo,"  "Paspahegh,*'  and  "Quiyoughcohannock,"  near  Clearmont;  "Weanock,"  on 
Eppcs  Island,  opposite  City  Point;  and  ** Powhatan"  just  below  Richmond.  The 
art  remains  procured  from  these  historic  James  River  sites  are  identical  in  nearly 
every  respect  with  the  Potomac  and  Chesapeake  relics,  a  fact  which  bears  strongly 
upon  the  question  of  the  unity  of  the  art  remains  and  the  identity  of  the  peoples  of 
the  tide-water  country. 

Mr.  Gerard  Fowke  entered  upon  his  duties  as  assistant  arch»ologist  ou  May  1, 1891. 
He  began  at  once  the  exploration  of  the  James  River  Valley,  and  at  the  close  of  the 
year  was' making  excavations  in  an  ancient  cemetery  near  Gale,  Allegheny  County, 
Va.  The  object  of  that  work,  aside  from  the  usuul  archsologic  explorations,  is  to 
determine  the  western  limits  of  areas  occupied  by  the  Algonquiaii  tribes  and  the 
eastern  limitations  of  the  various  groups  of  peoples  belonging  to  the  west. 

As  above  mentioned,  the  field  work  upon  mound  explorations,  which  for  several 
years  bad  been  under  the  charge  of  Prof.  Cyrus  Thomas,  was  discontinued  except  so 
far  as  was  found  necessary  to  correct  some  errors  and  supply  some  omissions.  Mr. 
Henry  L.  Reynolds  was  the  only  one  of  the  former  assistants  in  the  mound  division 
who  was  retained.  He  was  engaged  during  the  early  part  of  the  last  fiscal  year  in 
making  examinations  and  resurveys  of  certain  ancient  works  in  Ohio,  and  in  the 
spring  of  1891  was  sent  to  South  Carolina  to  examine  several  important  works  in 
that  Stat«.  Owing  to  severe  illuess,  which  terminated  in  his  death  (on  April  17, 
1891)  while  in  the  field,  this  last  trip  was  unproductive  of  scientific  results.  By  the 
death  of  Mr.  Reynolds  the  Bureau  has  lost  a  skillful  and  industrious  member,  and 
archaeology  an  enthusiastic  student.  For  some  time  previous  to  his  death,  in  addi- 
tion to  his  other  duties  as  assistant  toProf.  Thomas,  he  had  been  engaged  in  preparing 
a  paper  on  the  prehistoric  metallic  articles  of  the  moimd  area.  The  only  otlier  field 
work  performed  in  relation  to  the  mounds  has  been  above  explained.  In  order  to  as- 
sist Prof.  Thomas  in  obtaining  correct  illustrations  and  plats  of  certain  groups  in 
Mississippi,  Arkansas,  and  Wisconsin,  which  were  deemed  of  more  than  ordinary 
importance  in  the  study  of  the  archseology  of  the  mound  region,  Mr.  Holmes  visited 
those  groups  and  made  careful  survey  drawings  of  them,  besides  collecting  impor- 
tant data  concerning  them. 

Late  in  November  Mr.  Cosmos  Miudeleff  was  ordered  to  proceed  to  the  Casa 
Grande,  on  the  Gila  River,  in  Arizona,  and  examine  that  ruin  with  a  view  to  its 
preservation  as  provided  for  by  act  of  Congress,  also  to  prepare  plans  and  specifica- 
tions and  make  contracts  for  the  work.  He  was  further  directed  to  make  an  exami- 
nation of  the  valley  of  the  Rio  Verde,  and  collect  the  data  for  a  report  u])on  the 
archeology  of  that  region.  Owing  to  unforeseen  delays  the  contracts  for  the  Casa 
Grande  work  were  not  executed  until  May  15, 1891,  and  were  approved  by  the  Secre- 
tary of  the  Interior  late  in  June,  but  subsequently  the  time  for  the  completion  of  the 
work  was  extended  two  months.    It  will  be  completetl  by  October  1. 

During  his  stay  in  the  vicinity  of  the  Casa  Grande  Mr.  MindelefF  made  surveys  of 
the  ruin  proper  and  of  the  large  ruin  of  which  it  forms  a  part,  together  with  photo- 
graphs, detailed  plans,  sketches,  and  notes,  with  a  view  to  a  detailed  report.  He 
found,  among  other  results  of  his  examination,  that  the  ruin  is  now  standing  to 
within  a  very  few  feet  of  the  height  it  had  when  built  and  occupied. 

Pending  the  execution  and  approval  of  the  contracts  for  the  Casa  Grande  work, 
Mr.  Miudelefi*  made  an  examination  of  the  valley  of  the  Rio  Verde  from  its  moutJ 
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to  Camp  Verde  and  beyond.  This  region  ha<l  never  been  thoroughly  examined,  and 
it  was  deemed  highly  probable  that  it  would  prove  as  rich.in  archteoiogic  remains 
as  the  region  about  Camp  Verde.  Such,  however,  proved  not  to  be  the  case.  A 
chain  of  settlements  was  found  extending  from  Camp  Verde  southward  nearly  to 
Fort  McDowell,  but  ^the  ruins  are  not  so  numerous  as  in  the  region  immediately 
about  Camp  Verde.  About  10  miles  below  the  latter  an  extensive  and  well  pre- 
served group  of  cavate  dwellings  was  found. 

The  buildings  throughout  the  whole  Verde  Valley  now  in  ruins  were  constructed 
of  slabs  of  calcareous  rock,  or  of  river  bowlders,  or  of  both,  and  in  their  construction, 
location,  and  ground  plans  are  affiliated  with  the  northern  type,  rather  than  with 
the  southern  type,  of  which  the  best  example  is  the  Casa  Grande  on  the  Gila  River. 
Data  for  a  report  upon  the  ruins  in  the  valley  of  the  Rio  Verde,  and  upon  the  irri- 
gating ditches  and  horticultural  systems  there  pursued,  were  collected,  and  wiU  be 
prepared  for  publication  at  once.  Mr.  Mindeleff  remained  in  the  field  until  after  the 
close  of  the  fiscal  year. 

General  Field  Studies. — Mrs.  Matilda  C.  Stevenson  remained  at  the  Pueblo  of  Sia, 
New  Mexico,  from  July  to  September  15,  1890.  She  was  diligently  engaged  in  com- 
pleting her  studies  of  the  customs  and  mythology  of  the  Sia  Indians  explained  in  the 
last  annual  report.  Their  cosmogony,  and  the  rites  of  their  secret  cult  societies,  were 
made  by  her  special  subjects  of  investigation,  with  the  view  of  securing  a  clearer 
understanding  of  their  mythology  and  religious  practices. 

Dr.  \V.  J.  Hofi'man,  in  July,  visite<l  the  Menomonee  Reservation  at  Reshena  and  the 
Ojibway  Reservation  at  Lake  Court  Oreilles,Wis.,  the  Ojibwa  Reservation  at  La  Point, 
and  the  Ottawa  Indians  at  Petoskey,  Mich.  At  Keshena  he  attended,  by  request  of 
the  Indians,  the  annual  ceremony  of  the  Mitawit  or  Grand  Medicine  Society,  an 
order  of  shamans  or  priests  professing  the  power  of  prophecy,  exorcism  of  demons, 
the  cure  of  disease,  and  the  ability  to  confer  success  in  the  chase.  The  introductory 
portion  of  the  ritual  of  initiation  of  this  society  embraces  the  dramatization  of  the 
Menomonee  ideas  of  cosmogony  and  the  genesis  of  mankind,  the  reception  by  the  In- 
dians from  the  Great  Manito  of  the  power  of  warding  off  disease  and  hunger,  and  in- 
struction to  candidates  as  to  the  proper  mode  of  living,  so  as  to  gain  admission  into 
the  realm  presided  over  by  Naqpote,  the  wolf,  Avho  is  brother  of  Manabush,  the 
mediator  between  the  Menomonee  and  the  Great  Manito.  The  services  of  initiation 
of  these  ceremonies  are  preceded  by  a  mortuary  ritual  lasting  one  entire  night,  in 
honor  of  the  deceased  member,  whose  place  is  filled  later  on  by  the  initiation  of  a 
substitute. 

Investigations  were  made  at  the  Menomonee  ceremony  to  compare  it  with  a  similar 
ritual  found  among  the  Ojibways.  It  appears  that  the  Menomonee  practices  are  off- 
shoots from  the  Ojibway,  aud  also  that  where  the  Ojibway  shamans  repeat  certain 
phrases  in  au  archaic  form  of  language,  as  handed  down  to  them,  the  Menomonee 
employ  Ojibway  words  and  phrases,  perhaps  to  mystify  the  hearers,  or  perhaps  be- 
cause the  ritual  was  obtained  from  the  Ojibway  in  that  form.  The  preparation  of 
textile  materials  used  iu  the  manufacture  of  the  several  kinds  of  mats  made  by  the 
Menomonee  was  also  investigated  and  typical  specimens  were  secured.  Water  color 
and  other  sketches  were  made  to  illustrate  ceremonies,  daily  avocations,  the  abor- 
iginal houses,  grave  boxes,  and  other  objects  of  interest. 

Upon  the  completion  of  his  work  at  the  above  reservations.  Dr.  Hoffman  proceded 
to  La  Point  to  inquire  of  the  Ojibway  shamen  concerning  certain  sacred  birch-bark 
charts  employed  by  them  iu  the  introduction  of  candidates  into  the  society  of  sha- 
mans, and  also  to  secure  additional  information  relative  to  the  explanation  of  pioto- 
graphic  cosmogony  records.  He  then  visited  the  Ottawa  Indians  on  the  eastern 
shore  of  Lake  Michigan,  near  Mackinaw,  to  ascertain  whether  the  ceremonies  of 
the  '*  Grand  Medicine  Society  "  were  still  practiced  by  them.  This  body  of  Indians 
professes  to  have  discontinued  these  pagan  rites,  but  assert  that  a  band  of  the 
Ottawa,  living  farther  south,  near  Grand  Traverse,  adheres  to  the  primitive  belief, 
conducts  its  ceremonies  annually. 
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Mr.  James  Mooney  made  a  short  visit  in  July  to  the  moontain  region  of  North 
Carolina  and  Tennessee,  the  former  home  of  the  Cherokees,  for  the  purpose  of  col- 
lecting additional  facts  for  his  monograph  upon  that  tribe.  In  connection  with  the 
same  work  he  had  intended  to  visit  the  Cherokee  Nation  in  the  Indian  Territory  in 
the  following  winter,  but  in  the  meantime  the  ''Messiah  religion''  had  begun  to 
attract  so  much  attention  that  he  was  directed  to  investigate  that  subject  also  at 
the  same  time,  as  well  as  to  gather  more  material  bearing  upon  the  linguistic  affini- 
ties of  the  Kiowa  tribe.  He  left  Washington  December  22,  and  proceeding  at  once 
to  the  Cheyenne  and  Arapahoe  Reservation  in  Indian  Territory,  where  the  ghost 
dances  were  in  full  progress,  remained  for  several  weeks  studying  the  dance,  mak- 
ing photographs,  and  collecting  the  songs  used.  This  last  was  the  most  important 
part  of  the  study,  as  most  of  the  Messiah  religion  is  embodied  in  songs  many  of 
which  go  to  the  root  of  Indian  mythology.  That  religion  is  a  remodeling  of  aborigi- 
nal beliefs  as  influenced  by  the  ideas  of  Christianity  lately  imbibed  from  the  white 
man,  to  be  used  for  the  utter  confounding  of  the  white  man  himself.  It  is  in  no 
aense  a  warlike  movement.  It  is  somewhat  remarkable  that  the  ghost  songs  in  use 
by  the  various  tribes  are  almost  all  in  the  language  of  the  Arapahoes,  the  members  of 
that  tribe  being  the  most  active  propagators  of  the  new  religion  and  their  language 
being  peculiarly  adapted  to  music. 

He  then  proceeded  to  the  Kiowa  Reservation,  where  linguistic  and  other  materials 
were  obtained,  by  \vhich  it  may  become  possible  to  finally  classify  that  hitherto 
isolated  tribe.  Additional  ghost-dance  material  was  also  collected.  After  revisit- 
ing the  Cherokee  Nation,  where  several  weeks  were  devoted  to  gathering  informa- 
tion^ especially  in  regard  to  the  Indian  geography  of  upper  Georgia,  he  returned  to 
Washington  early  in  April. 

In  accordance  with  arrangements  for  the  World's  Columbian  Exposition  it  was 
decided  to  make  a  tribal  exhibit  from  one  of  the  more  primitive  prairie  tribes.  The 
Riowas  were  selected  for  the  purpose  and  the  work  was  assigned  to  Mr.  Mooney, 
who  at  once  prepared  to  return  to  their  reservation.  During  May  and  June  he  col- 
lected a  large  variety  of  articles  illustrative  of  the  home  life,  arts,  dress,  and  cere- 
monials of  the  tribe,  and  was  still  in  the  field  at  the  close  of  the  fiscal  year. 

OFFICE  WORK. 

The  Director  during  the  year  devoted  all  the  time  he  could  spare  from  other  offi- 
cial duties  to  the  completion  of  a  work  on  the  linguistic  families  of  North  America. 
His  undertaking  to  classify  the  North  American  languages  so  as  to  be  of  scientffic 
value  as  well  as  of  practical  use  has  been  explained  in  previous  reports.  This  classi- 
fication is  recognized  to  be,  when  properly  made,  an  indispensable  preliminary  to 
all  accurate  ethnologic  work  relating  to  this  continent.  The  essay,  with  its  accom- 
panying linguistic  chart,  was  delivered  to  the  Public  Printer  during  the  year,  to 
form  part  of  the  seventh  annual  report  of  this  Bureau,  though  that  volume  at  this 
date  has  not  yet  been  actually  issued. 

Col.  Garrick  Mallery,  U.  S.  Army,  during  the  year,  when  not  occupied  in  special 
and  occasional  duties  designated  by  the  director,  was  engaged  in  arranging  for  pub- 
lication the  material  gathered  by  him  during  several  former  years  on  the  general 
theme  of  pictography.  That  title  is  used  to  embrace  all  modes  of  expressing  and 
communicating  thoughts  and  facts  in  a  durable  form  without  reference  to  sound. 
Such  modes  of  expression  being  at  one  time  if  not  still  independent  of  oral  language, 
the  stud^  of  their  history,  evolution,  and  practice  may  assist  in  the  solution  of  some 
ethnic  and  psychic  problems,  and  may  verify  or  modify  some  theories  of  anthro- 
pologic import.  In  the  scheme  of  arrangement  for  publication  the  objective  exhibi- 
tion of  mental  concepts  by  the  North  American  Indians  has  been  classified  with 
pwper  |«>edominance,  as  it  has  exceeded  in  interest  all  others  known  which  have  not 
fassed  beyond  the  boundaries  separating  ideograms  and  emblems  from  syllabaries 
and  al^abets.  In  order  to  promote  explanation  find  comparison,  however,  copies 
;H.  Mis.  334,  pt.  1 3 
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and  .descriptions  of  a  large  number  of  petroglypbs  and  other  forms  of  pictographa 
found  in  Europe,  Asia,  Africa,  Australia,  and  in  many  islands  have  been  collated  for 
the  publication  of  selected  and  typical  illustrations.  With  the  same  object,  still 
more  earnest  attention  has  been  directed  to  the  synoptic  presentation  of  illustrations 
from  Mexico  and  Central  and  South  America,  as  being  presumably  more  closely  con- 
nected than  is  the  eastern  hemisphere  with  the  similar  developments  found  in  the 
present  area  of  the  United  States,  whether  enduring  on  rocks  with  authorship  un- 
known, or  actually  in  current  use  among  most  of  the  Indian  tribes.  At  the  close  of 
the  fiscal  year  the  treatise  was  substantially  completed,  the  delay  in  its  delivery  to 
the  Public  Printer,  as  the  contents  of  one  of  the  forthcoming  volumes  in  the  series  of 
annual  reports  of  this  Bureau,  being  occasioned  by  the  preparation  of  the  large  num- 
ber of  illustrations  required. 

Mr.  Henry  W.  Henshaw  during  the  entire  year  devoted  his  time  to  administrative 
work  and  to  continuing  the  preparation  of  the  Dictionary  of  Indian  Tribes,  before  ox- 
plained  in  detail. 

Prof.  Cyrus  Thomas  was  engaged  during  the  year  chiefly  in  the  preparation  of  the 
second  volume  of  his  report  on  the  archeology  of  the  mound  area  of  the  United 
States,  and  other  office  work  necessary  in  connection  with  the  publication  of  a 
bulletin  on  the  list  of  mound  localities,  the  preparation  of  maps  therefor,  and  of  illus- 
trations for  the  first  volume  of  his  report.  When  the  whole  manuscript  was  taken 
up  for  examination,  preparatory  to  printing,  its  bulk  was  found  to  be  too  great  for 
one  volume.  It  was  then  decided  to  publish  the  part  relating  to  mound  localities  in 
a  bulletin.  As  this  necessitated  some  change  in  the  manuscript,  the  opportunity  was 
embraced  to  incorporate  the  additional  data  which  had  been  obtained.  The  bulletin 
was  in  print  at  the  close  of  the  year,  though  not  yet  issued. 

Mr.  W.  H.  Holmes  included  in  his  office  work  the  preparation  for  the  monographs 
of  Prof.  Cyrus  Thomas  of  papers  upon  pottery,  shell,  textile  fabrics,  pipes,  and 
other  productions  of  the  mound-building  tribes,  and  the  writing  of  reports  upon  the 
numerous  explorations  made  during  the  year.  These  reports  have  been  brought  up 
to  date  and  are  on  file.  He  has  adopted  the  policy  of  preparing  reports  upon  field 
work  for  file  as  the  work  proceeds,  and  his  assistants  are  expected  at  the  close  of  each 
separate  piece  of  exploration  or  unit  of  study  to  make  a  report  upon  it  of  a  sufficiently 
finished  nature  to  serve  the  purpose  of  record  and  reference  in  case  of  their  disability 
or  separation  from  the  office. 

Rev.  J.  Owen  Dorsey  prepared  the  index  to  his  monograph,  The  (|*egiha  Language- 
M^ths,  Stories,  and  Letters,  and  corrected  the  proof  sheets  of  the  second  part  of 
that  volume.  He  resumed  his  work  on  the  (pegiha-English  dictionary,  inserting 
many  new  words  occurring  in  the  texts  and  referring  to  each  new  word  by  page  and 
line  of  the  text.  He  devoted  considerable  time  to  the  synonymy  of  the  Athapascan 
Caddoan,  Kusan,  Siouan,  Takilmau,  and  Yakonan  families;  comparing  authorities 
writing  historical  sketches  of  the  tribes,  gentes,  and  villages  of  those  linguistic 
families,  and  rearranging  all  the  material,  in  order  to  have  it  ready  for  printing. 
From  December,  1890,  to  March,  1891,  with  the  aid  of  a  Kwapa  delegate  in  Wash- 
ington, he  collected  much  information  respecting  the  Kwapa  or  Quapaw  tribe,  a  peo- 
ple closely  related  to  the  Omaha  and  Ponka,  from  whom  they  separated  prior  to 
1540.  Since  March,  1891,  he  has  been  elaborating  that  material,  which  consists  of 
about  150  personal  names,  arranged  according  to  sex  and  gens,  with  the  meaning  of 
the  name  whenever  attainable;  over  3,500  entries  for  a  Kwapa-English  dictionary 
and  several  epistles  and  myths  with  grammatical  and  sociologic  notes.  This  material 
will  be  of  great  assistance  to  him  in  the  preparation  of  the  (Jlegiha-English  diction- 
ary and  other  papers. 

He  also  prepared  for  publication  the  following  papers :  A  study  of  Siouan  cults 
illustrated  with  numerous  sketches  colored  by  Indians;  Omaha  and  Ponka  letters 
containing  the  ({Jegiha  epistles,  which  could  not  be  published  in  Contributions  to 
Korth  American  Ethnology,  Vol.  vi;  an  illustrated  paper  on  Omaha  dwellings  fur- 
^^tfture,  and  implements ;  a  paper  on  the  social  organization  of  the  Siouan  tribes. 
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Mr.  Albert  8.  Gatschet  during  the  fiscal  year  was  engaged  in  office  work  only. 
After  having  completed  the  manuscript  of  the  '^Ethnographic  Sketch ''  of  his  work, 
''The  Klamath  Indians  of  Southwestern  Oregon/'  which  was  published  during  the 
year  as  Vol.  u,  Part  i,  of  Contributions  to  North  American  Ethnology,  he  read  the 
proof  of  it,  which  was  completed  in  October,  1890.  Since  then  he  has  been  extract- 
ing, copying,  and  carding  the  vocabularies  and  other  matter  collected  by  him  during 
the  past  ten  years.  This  work  is  now  accomplished  concerning  the  Tonkawe,  the 
Hitchiti,  the  Shawano,  and  Powhatan.  That  relative  to  the  Creek,  will  soon  be  com- 
pleted. A  large  number  of  personal  tribal  and  vocal  names  of  Indian  origin  were 
collected  and  partly  explained  in  the  intervals  of  the  above  work. 

Dr.  W.  J.  Hoffman  continued  the  arrangement  and  classification  of  material  relat- 
ting  to  the  society  of  shamans  of  the  Ojibwa  Indians,  which,  together  with  numer- 
ous illustrations,  was  prepared  for  publication,  and  will  form  part  of  the  Seventh 
Annual  Report  of  the  Bureau.  This  work  will  present  from  aboriginal  records  an 
exposition  of  the  Ojibwa  traditions  of  cosmogony  and  genesis  and  the  dramatized 
ritual  of  the  myths  relating  to  the  same.  The  musical  notation  of  the  songs  and 
chants  employed  before  and  during  the  ceremonies  of  initiation,  and  copies  of  all  of 
the  birch-bark  charts  bearing  the  mnemonic  characters  relating  to  the  ritual  will 
be  incorporated  in  the  paper,  together  with  the  original  texts.  Dr.  Hofiinan  has 
also  been  engaged  in  the  elaboration  of  the  data  and  sketches  relating  to  the  pic- 
tography and  gesture  language  of  the  North  American  Indians,  secured  by  him 
during  previous  field  seasons. 

Mr.  James  Mooney  devoted  the  earlier  pat|)  of  the  fiscal  year  to  the  elaboration  of ' 
his  Cherokee  material,  the  first  results  of  which,  under  the  title  of ''  Sacred  Formu- 
las of  the  Cherokees,''  will  appear  in  the  Seventh  Annual  Report  of  the  Bureau.  He 
also  prepared  a  short  descriptive  catalogue  of- his  previous  ethnologic  collections 
from  the  Cherokees,  and  began  work  on  a  paper  contending  that  the  South  Atlantic 
States  were  formerly  occupied  by  a  number  of  Siouan  tribes,  if  indeed  that  region 
was  not  the  original  home  of  the  Siouan  stock.  In  connection  with  this  investiga- 
tion a  closer  study  of  the  linguistic  material  from  the  Catawban  tribes  of  Carolina 
confirms  the  statement  which  has  before  been  published  by  this  Bureau,  that  they 
belonged  to  the  Siouan  family.  Mr.  Mooney  also  at  intervals  assisted  on  the  Dic- 
tionary of  Tribal  Synonymy. 

Mr.  James  C.  Pilling  has  continued  his  bibliographic  work  throughout  the  fiscal 
year.  At  the  date  of  the  last  report  he  was  engaged  in  reading  proof  of  the  Bibli- 
ography of  the  Algonquian  Languages.  The  volume  is  now  ready  for  the  press,  and 
will  include  614  pages  and  82  full  page  illustrations,  chiefly  facsimiles  of  the  title- 
pages  of  rare  books,  syllabaries,  and  other  interesting  bibliographic  features.  It  is 
hoped  that  the  work  will  be  ready  for  distribution  during  the  autumn  of  1891. 
Among  the  special  articles  in  it  is  one  relating  to  the  labors  of  "  Apostle ''  Eliot 
among  the  Indians  of  Massachusetts,  and  more  especially  to  his  linguistic  work.  As 
this  author  was  the  earliest  and  the  most  noted  of  those  engaged  in  this  line  of  work, 
considerable  space  was  devoted  to  him  and  his  works,  and  it  was  thought  proper  to 
issue  the  article  in  separate  form.  It  is  noted  below  under  the  heading  of  Publi- 
cations. 

Mr.  Pilling  has  ceased  to  be  connected  with  the  U.  S.  Geological  Survey,  being 
transferred  to  the  Bureau  of  Ethnology,  his  appointment  taking  efi'ect  May  1,  1891. 
The  stock  or  family  of  languages  proposed  to  form  the  subject  of  his  next  biblio- 
graphic memoir  is  the  Athapascan. 

Mr.  J.  N.  B.  Hewitt  has  continued  his  work  on  the  Tuskarora  dictionary,  the  Tus- 
karora-English  part  being  well  advanced  and  the  English-Tuskarora  part  com- 
menced. Much  material  for  the  compilation  of  a  complete  grammar  of  the  Tuska- 
rora-Iroquoian  tongue  was  added  to  that  before  acquired.  For  this  object  such 
anomalous,  redundant,  and  defective  verbs  as  have  been  recorded  in  the  dictionary 
have  been  coi^jngated  in  all  the  derivative  forms  of  which  they  are  susceptible;  a 
difficult  bat  instructive  task.    Several  regular  verbs  have  also  been  coigugated  to 
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develop  all  their  known  deriyative  forms.  The  number  of  possible  derivative  forms 
of  a  regular  verb  in  the  several  conjugations  is  estimated  by  Mr.  Hewitt  to  vary- 
between  2,800  and  3,000.  This  numeration  is  of  interest,  because  it  has  been  asserted 
by  students  of  Indian  languages  that  the  number  of  possible  derivative  form^  of  an 
American  Indian  verb  is  infinite,  and,  secondly,  because  it  has  been  estimated  that 
a  Greek  verb  so  conjugated  would  be  represented  by  about  1,300  forms. 

Grammatic  gender  has  also  received  special  attention.  There  are  in  the  Tuskarora- 
Iroquoian  tongue  three  genders,  which  Mr.  Hewitt  names  the  anthropic,  the  zoic, 
and  the  azoic,  which  are  expressed  through  the  prefix  pronouns  only.  In  the  an- 
thropic gender  alone  sex  distinctions  are  founds  and  hence  there  are  masculine  and 
feminine  pronouns  therein.  But  in  the  zoic  and  azoic  genders  sex  is  not  indicated. 
Hence,  by  the  prefit  pronouns  the  objects  of  discourse  are  classified  into  three 
genders. 

Mr.  Hewitt  continued  making  translations  from  the  old  French  writers,  Perrot, 
Lafitau,  La  Potherie,  and  others,  of  the  notices  and  accounts  of  the  beliefs,  rites,  and 
ceremonies,  superstitions,  and  mythic  tales  of  Iroquoian  peoples.  These  were  col- 
lated as  aids  in  exfilaining  and  elaborating  the  matter  collected  in  the  field  per- 
sonally by  him.  By  their  confirmative  testimony,  joined  to  the  evidence  of  etymology, 
the  Iroquoian  cosmogony  or  genesis  myth  is  found  to  orig^at>e  in  the  personification 
by  the  Iroquoian  mind  of  the  elements,  powers,  processes,  and  the  living  creatures 
of  the  visible  and  sensible  world. 

Mrs.  Matilda  C.  Stevenson  was  engaged  from  the  latter  part  of  September,  1890, 
to  June  30, 1891,  in  preparing  for  publi^tion  the  material  collected  at  the  Pueblo  of 
Sia,  New  Mexico,  during  the  preceding  spring  and  summer. 

Mr.  Cosmos  Mindeleff  during  the  first  five  months  of  the  fiscal  year  was  occupied 
upon  the  card  catalogue  of  ruins  referred  to  in  the  last  Annual  Report  and  in  the 
compilation  and  preparation  of  maps  showing  the  distribution  of  ruins  in  the  south- 
western part  of  the  United  States.  This  work  was  temporarily  discontinued  late  in 
November,  when  he  was  ordered  into  the  field,  as  above  explained. 

He  also  has  continued  to  be  in  charge  of  the  modeling  room.  Its  force  during  the 
year  was  devoted  exclusively  to  the  *' duplicate  series,"  reference  to  which  has  been 
made  in  previous  reports,  and  no  new  work  was  undertaken.  Five  models  were 
added  to  the  series,  ranging  in  size  from  16  square  feet  to  250  square  feet,  and  com- 
prising the  following  subjects:  Mummy  Cave  Cliff  Ruin,  Arizona;  Pueblo  of  Walpi, 
Arizona;  Pueblo  of  Sechumovi,  Arizona;  Ruin  of  Penasco  Blanco,  New  Mexico;  and 
Pit  of  Nelson  Mound.  This  series  is  nearing  completion,  and  the  Bureau  now  has 
material  sufficient  to  form  the  nucleus  of  an  exhibit  such  as  it  is  often  called  upon 
to  make,  without  disturbing  its  series  of  original  models  now  deposited  in  the  Na- 
tional Museum.  It  has  also  a  small  number  of  models  which  can  be  drawn  upon  to 
supply  the  demand  for  such  material  in  the  way  of  exchange  with  colleges  and 
other  scientific  institutions. 

Mr.  Jeremiah  Curtin  was  occupied  with  office  work  exclusively  during  the  year. 
From  July  1,  1890,  until  February  1,  1891,  he  arranged  and  copied  vocabularies 
which  he  had  previously  collected  in  California,  namely,  Hupa,  Ehnikan,  Weitspe- 
kan,  Wintu,  Yuua  and  Palaihnihan.  He  devoted  the  later  months  of  the  year  to 
classifying  and  copying  a  large  number  of  myths  which  he  had  collected  among  the 
Hupa,  Ehnikan  and  Wintu  Indians.  These  myths  are  for  the  greater  part  connected 
with  medicine,  though  some  are  creation  myths  and  myths  relating  to  religion  and 
the  origin  of  various  tribal  customs  and  usages. 

Mr.  De  Lancey  W.  Gill  continued  in  charge  of  the  work  of  preparing  and  editing 
the  illustrations  for  publications  of  the  Bureau.    The  work  done  for  the  year  ending 
June  30,  1891,  was  as  foUows: 
Drawings  of  objects  and  ethnologic  specimens  and  miscellaneous  diagrams. . .      422 

Ancient  ruins,  earthworks,  and  landscape  drawings 133 

Maps 47 

Total 602 

Digitized  by  VjOOQ IC 


REPORT   OF   THE    SECRETARY.  87 

These  drawings  were  prepared  from  field  surveys  and  sketches,  from  photographs, 
and  from  the  collections  hronght  in  by  the  ethnologists. 

The  photographic  work  remains  under  the  able  management  of  Mr.  J.  K.  Hillers. 
Photographic  negatives  were  secured  from  sittings  of  Indians  representing  the  fol- 
lowing tribes,  viz :  Sac  and  Fox,  Senecas,  Creek,  and  Cherokee.  From  these  nega- 
tives 129  prints  were  furnished. 

PUBUCATION8. 

The  publications  issued  during  the  year  are : 

(1)  Contributions  to  North  American  Ethnology,  Volume  n.  Part  i;  The  Klamath 
Indians  of  Southeastern  Oregon,  by  Albert  Samuel  Gatschet,  a  quarto  volume  of  cvi  -f- 
711  pages  and  map.  This  part  includes  an  ethnographic  sketch  of  the  Klamath  peo- 
ple, texts  of  the  Klamath  language,  with  explanatory  notes,  and  a  grammar  of  the 
Klamath  language.  The  second  part  comprises  the  Klamath-English  and  English- 
Klamath  dictionaries.  It  was  in  type  at  the  end  of  the  last  fiscal  year,  but  was  not 
then  received  from  the  Public  Printer. 

(2)  Bibliographic  notes  on  Eliot's  Indian  Bible  and  on  his  other  translations  and 
works  in  the  Indian  language  of  Massachusetts.  This  is  an  abstract  from  a  **  Biblio- 
graphy of  the  Algonquian  Languages,''  by  James  Constantine  Pilling,  and  forms 
pages  127-184  of  the  Algonquian  Bibliography  to  be  soon  issued.  As  separately  issued 
these  **  Notes  "  constitute  a  royal  octavo  pamphlet  of  58  separately  numbered  pages. 
Two  hundred  and  fiffcy  copies  were  printed  and  issued. 

It  is  with  profound  pleasure  that  attention  is  called  to  this  abstract  of  the  work  of 
the  officers  of  the  Bureau  during  the  term  of  a  single  year.  By  long  training,  by 
great  zeal,  and  by  deep  scientific  insight,  these  gentlemen  are  now  able  to  accomplish 
results  far  beyond  expectations  when  the  Bureau  was  originally  organized.  The 
researches  in  this  field  have  passed  beyond  the  elementary  stage,  and  the  significance 
of  the  data  being  rapidly  gathered  becomes  more  and  more  apparent. 
Very  respectfully  yours, 

J.  W.  POWKLL, 

Director^  Bureau  of  Ethnology. 
Mr.  S.  P.  Langley, 

Secretary  Smithsonian  InsHtution, 
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REPORT  OF  THE  CURATOR  OF  EXCHANGES  FOR  THE  YEAR  ENDING  JUNE 

30,  1891. 

Sir  :  I  have  the  honor  to  present  the  following  hrief  statement  of  the  operations 
of  the  Bureau  of  International  Exchanges  for  the  fiscal  year  ending  June  30,  1891. 

TABUlJiR  STATEMENT  OF  THE  WORK  OF  THE  BUREAU. 

The  work  done  by  the  Bureau  during  the  year  is  succinctly  stated  in  the  annexed 
table,  prepared  in  a  form  similar  to  that  adopted  in  preceding  reports: 


DrmmMtHionM  of  tht  Bmrrau  of  International  Exchanges  during  the  fiscal  ifear  1890-^91. 
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The  rapid  rate  at  which  the  Exchange  work  is  growing  is  very  plainly  shown  by 
a  comparison  of  these  figures  with  the  similar  ones  of  reports  since  1886  in  the  table 
below: 
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188^'87.  1  1887-'88. 


I- 


Number  of  packages  received  . 
Weiglit  of  packages  received. . 
Ledger  acconnta : 

Foreign  sooieties 
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Domestic  individuals 

Domestic  packages  sent 
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Letters  written 
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EXPENSES. 

The  expenses  of  the  Exchange  Bureau  are  met  in  part  by  direct  appropriation  from 
Congress  and  in  part  by  appropriations  made  to  Government  Departments  or 
Bureansy  either  in  the  contingent  funds  or  in  specified  terms  for  repayment  to  the 
Smithsonian  Institution  of  a  portion  of  the  cost  of  transportation.  To  each  of  the 
Departments  or  Bureaus  sending  or  receiving  publications  through  the  Smithsonian 
Institution  a  charge  of  5  cents  per  pound  weight  is  made  under  the  authority  of  a 
resolution  by  the  Board  of  Regents  in  1878,  this  charge  being  necessary,  as  the  ap- 
propriation made  by  Congress  directly  to  the  Institution  for  exchange  purposes  has 
never  been  sufficient  to  meet  the  entire  cost  of  the  work.  For  similar  reasons  it  has 
been  found  necessary  to  make  a  charge  of  the  same  amount  to  State  institutions,  ttoxsx 
which  a  further  small  amount  has  been  received. 

The  direct  appropriation  by  Congress  for  the  year  1890-*91  was  in  the  following 
terms: 

For  expenses  of  the  system  of  International  Exchanges  between  the  United  States 
and  foreign  countries,  under  the  direction  of  the  Smithsonian  Institution,  including 
salaries  and  compensation  of  all  necessary  employes,  $17,000. 

The  receipts  and  disbursements  by  the  accounting  officer  of  the  Smithsonian  In- 
stitution on  account  of  International  Exchanges,  dated  July  1,  1891,  for  the  preced- 
ing fiscal  year,  were  as  follows : 

RECEIPTS. 

Direct  appropriation  by  Congress $17, 000. 00 

Repayments  to  the  Smithsonian  Institution  from  Uuited  States  Govern- 
ment Departments 3, 361. 12 

State  institutions 9. 95 

Total 20,371.07 
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DISBURSEMENTS. 


From  Con- 
greBsional  |  Repay* 
appro-     ,    ments. 
prUtiODS.  I 


SaUriM  and  compensation $14, 159. 46 

Freight i      1,298.33 

Packing  boxes j         758.16 

Printing 189.05 

Postage I         184.58 

Stationery 410.42  I 

Incidentals I 


17.000.00     $3,382.21 


The  above  table  shows  that  the  entire  amount  received  from  Government  Bureans 
was  $3,371.07,  making  the  sum  practically  appropriated  $20,371.07.  Previous  reports 
have  pointed  out  the  desirability  of  combining  in  a  single  item  the  various  appro- 
priations for  the  Exchange  service,  now  divided  in  comparatively  small  sums  among 
several  of  the  large  appropriation  bills.  For  the  year  1890-'91  an  estimate  for  the 
entire  exx>ense  of  the  service  of  $29,500*  was  submitted,  this  sum  being  intended  to 
include  these  smaller  amounts  alluded  to  and  also  an  item  of  $2,000  to  cover  the  ex- 
]>ense  of  an  immediate  exchange  of  Parliamentary  documents  with  the  countries 
entering  into  the  treaty  of  Brussels  of  1886,  as  well  as  to  provide  for  a  proper  com- 
I>ensation  to  several  of  the  larger  steamship  companies  for  transportation  of  freight, 
a  service  now  performed  without  charge.  The  amount  appropriated  was  $17,000,  an 
increase  of  $2,000  over  that  of  the  preceding  fiscal  year. 

CORRESPONDENTS. 

The  name  of  each  correspondent  of  the  Bureau,  whether  society,  institution,  or 
individual,  is  entered  upon  a  large  card,  which  shows  all  packages  received  at  the 
Bureau  for  the  person  or  institution  and  also  the  packages  sent  to  the  Bureau  for 
distribution.  These  cards  have  now  accumulated  to  the  number  of  18,848,  divided 
into  foreign  societies,  foreign  individuals,  domestic  societies,  and  domestic  individ- 
uals. The  individuals  that  have  died  and  the  societies  that  have  ceased  to  exist  are 
still  retained  for  convenience  of  reference  in  the  same  file. 


Foreign. 

Domestic. 

5,981 

1,588 

7,072 

4,207 

13,053 

5,705 

Societies  and  institutions. 
Individoals 

Total 


A  comparison  with  similar  figures  for  1889-*90  shows  a  total  increase  of  2,846 
cards. 

INTERNATIONAL  EXCHANGE  OF  OFFICIAL  DOCUMENTS. 

Under  the  treaty,  the  text  of  which  was  given  in  full  in  Dr.  Kidder's  Report  on 

Exchanges  for  the  year  1887-88,  the  exchange  of  the  official  publications  of  the 

United  States  Government  with  the  other  Governments  adhering  to  the  treaty,  is 

"^ted  through  the  Smithsonian  Institution  Bureau  of  International  Exchanges, 

report  of  the  Secretary  of  the  Smithsonian  Institution,  1890,  pages  18and  19. 
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and  ihifl,  together  with  the  transmission  abroad  of  the  publications  of  the  various 
departments  or  bureaus  of  the  Government,  now  forms  a  very  large  proportion  of 
the  Bureau's  work. 

The  entire  number  of  publications  sent  abroad  during  the  year,  under  the  provi- 
sion of  the  act  of  Congress  of  March  2, 1867,  was  20,683,  and  there  have  been  received 
in  return  8,836  packages  or  volumes.  The  United  States  Government  Departments 
have  forwarded  to  their  correspondents  abroad  through  the  Bureau  20,041  packages, 
and  have  received  in  return  11,764  packages.  The  total  then  of  the  exchanges  on 
Government  account  has  been  20,600  packages  received,  and  40,724  sent  abroad,  a 
total  of  61,324  packages  or  67.75  per  cent  of  the  total  number  handled.  This  ex- 
change on  account  of  the  Government  Bureaus  is  shown  in  detail  in  the  following 
table: 

Statement  of  governmental  exchanges  distributed  during  the  year  1890^91, 


Packages.        |{ 


Sent    I 
by.     II 


Received 
for.      I 


AmericAD  Epbemeris 

Army  Medical  Mnaeam 

Astarophyaioal  Observatory  — 

Attorney-General...^ 

Board  of  Indian  Commissioners . 

Boreaaof  Edncation 

Bareaa  of  Ethnology 

Bareau  of  Exchanges 

Bareaa  of  Medicine  and  Sur- 


gery   

Bareaa  of  Navigation 

Bureaa  of  Ordnance,  U.S.Navy . 

Bureau  of  Rolls,  State  Depart- 
ment  

Bureau  of  Statistics 

Bureau  of  Mint 

Census  Office 

Commissioners  of  the  District 
of  Columbia 

Comptroller  of  the  Currency. . . 

Department  of  Agriculture  — 

Department  of  Interior 

Department  of  Labor 

Department  of  State 

Department  of  War 

General  Land  Office 

House  of  Representatives 

Hydrographio  Office 

•'  Index  Me<licus" 

Interstate  Commerce  Commis- 
sion   

Library  of  Congress 

Light-House  Board 

National  Academy 


2  I |i  National  Board  of  Health 

1  I i'  Nautical  Almanac 

44  ,  1  ||  Navy  Department , 

1  I Ij  Office  of  Indian  Affairs 

1  I ji  Officeof  Chief  of  Engineers.. 

70           10      Ordnance  Bureau^  TJ.  S.  Army  , 
95  I         11      Post-Office  Department 

7'         15     Public  Printer 

I,  Smithsonian  Institution  (as- 

2    ,1      signed) , 

3   Smithsonian  Institution,  mail . 

1    Smithsonian  Institution 

j   Smithsonian   Institution,   re- 

1    turn  packages 

32  I ||  Soldiers'  Home 

3  ' li  Surgeon-General's  Office 


I- 


President  of  the  United  States. 

I  Botanic  Garden 

2  1 |l  U.  S.  Coast  Survey 

2  I ■,  U.S.  Commission  of  Weights 


Packages. 

Keceived     Sent 
for.      I     by. 


188 


70 


*24,050 


314 


120  ; 

17  I 

14  ! 

15  , 


880'!      andMeasurea 

102  I   U.  S.  Entomological  Coramis- 

19         sion 

1    I  U.  S.  Fish  Commission | 

223      U.  S.  Geological  Survey j 

6  I ^  U.  S.  National  Museum 

1  ' I  U.  S.  Naval  Observatory ' 

60    U.  S.  Patent  Office 

2   |i  U.  S.  Signal  Office 

'  I  U.  S.  Treasury  Department 

I  6  '1 

8,836  I || 

2  1 

269  )        527  I  i 


7,344  , 
2,273  ' 

40 

1 

146 

1 

2 

69 


5 

51 

414  i 

299 

119  I 

38 

90 

7  ' 


8,407 


580 


3 
37 


261 

3,370 

2,138 

2,149 

487 

240 

1 


Total. 


20,600  i    44,091 


64,691 


*  This  figure  represents  fifty  sets  of  the  official  publications  of  the  United  States  Government  received 
frwa  the  Poblic  Printer.  Forty-three  sets  are  now  distributed  under  the  law,  and  thus  the  total  num- 
ber of  packages  distributed  experiences  a  reduction  of  3,369,  leaving  as  a  total  61,324  packages. 
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Adding  the  miBoellaaeonsexchaagea  to  the  total  of  Government  exchanges,  the  total 
IB  90,666  packages.  Of  this  namber  61,619  were  received  for  foreign  and  29,(47  fur 
domestic  distribution. 

The  Government  of  Paraguay,  the  first  to  carry  out  the  provisions  of  the  treaty  of 
Brussels  for  the  immediate  exchange  of  parliamentary  annals,  began  at  the  end  of 
June,  1890,  the  regular  transmission  of  the  Official  Journal  and  the  Gazette  of  the 
Paraguay  Congress.  Pending  the  passage  by  Congress  of  a  bill  making  special  pro- 
vision to  enable  the  Institution  to  carry  out  this  treaty,  as  the  recognized  Exchange 
Bureau  of  the  United  States  Government,  no  return  for  this  exchange  has  yet  been 
made.  A  bill  appropriating  $2,000  for  the  purpose  named  passed  the  Senate  at  the 
last  session,  but  failed  to  reach  consideration  in  the  House  of  Representatives. 

It  is  gratifying  to  note  that  on  July  25,  1890,  announcement  was  made  of  the  es- 
tablishment by  the  Government  of  New  South  Wales  of  a  special  board  for  receiving 
and  transmitting  International  Exchange  publications.  The  exchange  with  that 
country  has  heretofore  been  effected  through  the  Royal  Society  of  New  South  Wales. 

Notice  was  also  received  of  the  establishment  by  the  Grovemment  of  Uruguay  on 
December  10,  1890,  of  an  Exchange  Bureau  designated  as  the  Oficina  de  Deposito, 
Reparto  y  Canje  Internationales. 

EPPICIKNCY  OF  THE  SERVICE. 

The  recommendation  for  an  additional  assistant  in  the  shipping  room  having  re- 
ceived your  approval  by  the  transfer  in  October,  1891,  of  Mr.  George  L.  Snider  from 
the  Smithsonian  to  the  exchange  roll,  it  is  believed  that  the  exchange  work  at  the 
close  of  the  fiscal  year  was  in  more  satisfactory  condition  than  ever  before.  Eight 
thousand  and  ninety-four  more  packages  were  handled  than  in  the  previous  year,  an 
increase  of  10.2  per  cent,  and  on  June  30, 1891,  all  that  could  be  disposed  of  had  been 
shipped,  leaving  but  153  packages  then  on  hand. 

Packages  received  from  abroad  for  distribution  in  the  United  States  are  sent  out 
by  registered  mail,  a  record  being  made  of  each  package  showing  the  sender  and  the 
person  or  institution  addressed.  As  a  rule,  this  record  can  be  made,  the  package  can  be 
re  wrapped  in  stout  paper  and  can  be  delivered  at  the  post-office  on  the  day,  or  within 
one  or  two  days  of  its  receipt.  In  some  Instances  where  the  Bureau  is  crowded  by 
the  receipt  of  several  thousand  Government  documents,  a  little  longer  delay  may 
take  place. 

Books  for  distribution  abroad  received  iirom  individuals  or  institutions  in  the 
United  States  are  entered  in  a  similar  way  and  are  held  until  a  sufficient  number 
have  accumulated  to  make  a  reasonable  shipment  to  any  one  country.  They  are 
then  carefully  examined  and  a  list  for  each  country  is  made  up  and  the  volumes 
packed  and  shipped.  Where  a  large  number  of  packages  for  one  country  are  re- 
ceived from  any  institution  they  are  usually  shipped  with  a  delay  of  from  one  to  four 
or  five  days. 

An  improvement  in  foreign  transmissions  has  been  made  in  the  Exchange  Office 
by  increasing  the  frequency  of  shipments.  The  number  of  shipments  to  each  country 
and  the  date  of  shipment  is  given  in  Exhibit  A  appended,  but  the  great  need  at 
present  is  a  more  rapid  communication  with  the  principal  European  countries.  This 
can  only  be  effected  when  the  appropriation  by  Congress  becomes  sufficient  to  enable 
the  institution  to  pay  for  fast  freight.  As  it  is  now,  free  freight  is  granted  by  a 
majority  of  the  steamship  companies,  and  where  it  is  necessary  to  pay  for  transpor- 
tation, the  boxes  must  be  sent  by  slow  steamers  offering  low  rates. 

Dr.  Felix  FlUgel  in  Leipzig,  and  Messrs.  William  Wesley  &  Son,  in  London,  the 
foreign  agents  of  the  Institution,  have  paid  the  same  careful  attention  to  its  inter- 
ests as  in  former  years.  I  regret  to  note  here  the  death  of  the  senior  member  of  the 
firm  of  William  Wesley  &,  Son,  which  occurred  on  April  17, 1891.  I  also  have  to  note 
the  death  of  Dr.  Felipe  Poey  on  January  28, 1891.    Dr.  Poey  has  taken  charge  of  the 
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Smithsonian  exchanges  in  Cuba  since  1876,  and  bis  son,  Dr.  Frederic  Poey,  has  kindly 
offered  to  continue  the  work. 

Grateful  acknowledgments  are  also  due  to  the  following  transportation  companies 
and  firms  for  their  continued  liberality  in  granting  free  freight,  or  in  otherwise 
assisting  in  the  transmission  of  exchange  parcels  and  boxes,  while  to  other  firms  we 
are  indebted  for  greatly  reduced  rates,  in  consideration  of  the  disinterested  services 
of  the  institution  in  the  diffusion  of  knowledge. 

LIST  OF  SHIPPING  AORNTS  GIVING  FREE  FREIGHT. 

Allan  steamship  Company  (A.  Schumacher  Sc  Co.,  agents),  Baltimore. 

d'Almeirim,  Baron,  Royal  Portuguese  consul-general,  New  York. 

American  Board  of  Commissioners  for  Foreign  Missions,  Boston. 

American  Colonization  Society,  Washington,  District  of  Columbia. 

Anchor  Steamship  Line  (Henderson  &  Bro.,  agents).  New  York. 

Atlas  Steamship  Company  (Pim,  Forwood  Sc  Co.),  New  York. 

Bailey,  H.  B.,  &  Co.,  New  York. 

Barber  &  Co.,  New  York. 

Bixby,  Thomas  E.,  &.  Co.,  Boston. 

Borland,  B.  R.,  New  York. 

Bors,  C,  consul-general  for  Sweden  and  Norway,  New  York. 

Botassi,  D.  W.,  consul-general  for  Greece,  New  York. 

Boulton,  Bliss  &  Dallett,  New  York. 

Calderon,  Climaco,  consul-general  for  Colombia,  New  York. 

Caldo,  A.  G.,  consul-general  for  Argentine  Republic,  New  York. 

Cameron,  R.  W.,  &  Co.,  New  York. 

Baltazzi,  X.,  consul-general  for  Turkey,  New  York. 

Coropagnie,  G^ndrale  Transatlantlque  (A.  Forget,  agent).  New  York.. 

Cunard  Royal  Mail  Steamship  Company  (Vernon  H.  Brown  &  Co.,  ageuts).  New  York. 

Dennison,  Thomas,  New  York. 

Espriella,  Justo  R.  de  la,  consul-general  for  Chile,  New  York. 

Florio  Rubattino  Line — ^Navigazione  Generalo  Italiano  (Phelps  Bros.  &.  Co.),  New 

York. 
Grace,  W.  R.,  &  Co.,  New  York. 

Hamburg  American  Packet  Company  (R.  J.  Cortis,  manager),  New  York. 
Hensel,  Bruckmann  &  Lorbacher,  New  York. 

Inman  Steamship  Company  (Henderson  &  Bro.,  agents).  New  York. 
Mantez,  Jos^,  consul-general  for  Uruguay,  New  York. 
Merchant,  S.  L.,  &  Co.,  New  York. 
Munoz  y  Espriella,  New  York. 
Murray,  Ferris  &  Co.,  New  York. 
Navarro,  J.  N.,  consul-general  for  Mexico,  New  York. 
Netherlands  American  Steam  Navigation  Company  ( W.  H.  Vanden  Toorn,  agent). 

New  York. 
New  York  and  Brazil  Mail  Steamship  Company,  New  York. 
New  York  and  Mexico  Steamship  Company,  New  York. 
North  German  Lloyd  (agents:  Oelrichs  &  Co.,  New  York;  A.  Schumacher  &  Co., 

Baltimore). 
Obarrio,  Melchor,  consul-general  for  Bolivia,  New  York. 
Pacific  Mail  Steamship  Company  (H.  J.  Bullay,  superintendent),  New  York. 
Pai^ama  Railroad  Company,  New  York. 
Pioneer  Line  (R.  W.  Cameron  &  Co.),  New  York. 
Perry,  Ed.,  &  Co.,  New  York. 

Pomares,  Mariano,  consul-general  for  Salvador,  New  York. 
Red  Star  Line  (Peter  Wright  &  Sons,  agents,  New  York  and  Philadelphia). 
Royal  Danish  consul,  New  York. 
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Royal  Spanish  consul,  New  York. 

Raiz,  Domingo  L.,  consal-general  for  Eonador,  New  York. 

Stewart,  Alexander,  consal-general  for  Paraguay,  Washington,  District  of  Colombia. 

ToritiUo,  Enrique,  consul-general  for  Guatemala,  New  York. 

Vatable,  H.  A.,  &  Co.,  New  York. 

White  Cross  Line  of  Antwerp  (Punch,  Edye  &  Co.),  New  York. 

Wilson  Sl  Asmus,  New  York. 

LIST  OF  THE  FOREIGN  CORRESPONDENTS  OF  THE  SMITHSONIAN  INSTITUTION  ACTIKO 
AS  ITS  AGENTS  FOR  THE  INTERNATIONAL  EXCHANGES. 

Algeria:  Bureau  Frangais  des  Echanges  Intemationaux,  Paris,  France. 

Austria-Hungary :  Dr.  Felix  Flttgel^  No.  1,  Robert  Schumann,  Leipzig,  Germany. 

Brazil :  Biblioteca  Nacional,  Rio  Janeiro. 

Belgium:  Commission  des  Echanges  Intemationaux,  Rue  du  Mus^,  No.  5,  Bruxelles. 

British  America :  McGill  College,  Montreal,  or  Geological  Survey  Office,  Ottawa. 

British  Colonies:  Crown  Agents  for  the  Colonies,  London,  England. 

British  Guiana:  The  Observatory,  Georgetown. 

Cape  Colony :  Agent-general  for  Cape  Colony,  London,  England. 

China:  Dr.  D.  W. Doberck,  government  astronomer.  Hong  Kong;  for  Shanghai: 

Zi-ka-wei  Observatory,  Shanghai. 

Chili :  Museo  Nacional,  Santiago. 

Colombia  (U.  S.  of):  National  Library,  Bogotl^. 

Costa  Rica :  Biblioteca  Nacional,  San  Jos^. 

Cuba:  Dr.  Frederick  Poey,  Calle  del  Prado,  29. 

Denmark:  Kong.  Danske  Videnskabemes  Selskab,  Copenhagen. 

Dutch  Guiana:  Surinaamsche  Koloniaale  Bibliotheek,  Paramaribo. 

East  India :  Secretary  to  the  Government  of  India,  Calcutta. 

Ecuador:  Observatorio  del  Colegio  Nacional,  Quito. 

Egypt:  Institut  Egyptien,  Cairo. 

France:  Bureau  Fran^ais  des  Echanges  Intemationaux,  Paris. 

Germany :  Dr.  Felix  Fliigel,  No.  1,  Robert  Schumann  Strasse,  Leipzig. 

Great  Britain  and  Ireland :  William  Wesley  &  Son,  28  Essex  Street,  Strand,  London. 

Greece:  United  National  and  University  Library,  Athens. 

Guatemala:  Institute  Nacional  de  Guatemala,  Guatemala. 

Guadeloupe:  (Same  as  France.) 

Haiti :  S^r^taire  d'etat  des  relations  ext^rieures,  Port-au-Prince. 

Island :  Islands  StiptisbokaslUh,  Reykjavik. 

Italy :  Bibliotheca  Nazionale  Vittorio  Emanuele,  Rome. 

Japan :  Minister  of  Foreign  Affairs,  Tokio. 

Java:  (Same  as  Holland.) 

Liberia:  Liberia  College,  Monrovia. 

Madeira:  Director-General,  Army  Medical  Department,  London,  England. 

Malta:  (Same as  Madeira.) 

Mauritius :  Royal  Society  of  Arts  and  Sciences,  Port  Louis. 

Mozambique:  Sociedadde  Geografia,  Mozambique. 

Mexico :  Packages  sent  by  mail. 

New  Caledonia:  Gordon  Sc  Gotch,  London,  England. 

Newfoundland:  Postmaster-General,  St.  Johns. 

New  South  Wales :  Government  Board  for  International  Exchanges. 

Netherlands:  Bureau  Scientifique  Central  N^erlandais,  Den  Helder. 

New  Zealand:  Colonial  Museum,  Wellington. 

Norway:  Kongelige  Norske  Frederiks  Universitet,  Christiania. 

Paraguay:  Government,  Asuncion. 

Peru :  Biblioteca  Nacional,  Lima. 
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Philippine  Islands:  Royal  Economical  Society,  Manila. 

Polynesia :  Department  of  Foreign  Affairs,  Honolnln. 

Portugal :  Biblioteca  Nacional,  Lisbon. 

Qaeensland :  Government  Meteorological  Observatory,  Brisbane. 

Roumania:  (Same  as  Germany.) 

Russia:  Commission  Russe  des  Echanges   Internationaux,  Biblioth^que  Imp^riale 

Publiqne,  St.  Petersburg. 
St.  Helena:  Director-General,  Army  Medical  Department,  London,  England. 
San  Salvador :  Museo  Nacional,  San  Salvador. 
Servia:  (Same  as  Germany.) 
South  Australia :  General  Post-Office,  Adelaide. 
Spain :  R.  Academia  de  Ciencias,  Madrid. 

Sweden :  Kongliga  Svenska  Vetenskaps  Akademien,  Stockholm. 
Switzerland :  Eidgenossensche  Central  Bibliothek,  Bern. 
Tasmania:  Royal  Society  of  Tasmania,  Hobarton. 
Turkey :  Biblioth^que  G^n<Sralo  Ottomane,  Constantinople. 
Uruguay:  Oficina  de  Deposito,  Reparto  y  Canje  Internacional,  Montevideo. 
Venezuela:  University  Library,  Caracas. 
Victoria:  Public  Library,  Museum,  and  National  Gallery,  Melbourne. 

The  system  of  recording  the  correspondence  of  the  Bureau  adopted  on  January  1, 
1890,  has  continued  to  give  satisfaction.  A  further  improvement  in  keeping  the 
record  of  packages  received  has  been  effected  by  stdopting  as  a  substitute  for  the 
blotter  and  day  book  heretofore  in  use  a  record  upon  separate  sheets  of  paper,  which  are 
subsequently  bound  up  as  a  day  book  and  upon  which  a  record  is  made  of  all  packages 
received.  The  packages  to  or  from  each  institution  or  individual  are  then  entered 
from  these  sheets  upon  the  ledger  cards.  The  system  has  the  advantages  that  several 
persons  can  work  upon  the  sheet  at  the  same  time,  and  that  no  copying  of  the  rec- 
ord is  required,  introducing  errors  and  requiring  much  time.  This  form  of  day-book 
sheet  was  adopted  on  January  1,  1891.  A  further  duplication  of  record  books  is 
avoided  by  having  the  authorized  officer  of  the  Smithsonian  Institution,  National 
Museum,  Bureau  of  Ethnology,  U.  S.  Geological  Survey,  and  the  U.  S.  Fish  Commis- 
sion acknowledge  the  receipt  of  packages  addressed  to  their  offices  directly  upon 
these  sheets. 

A  new  edition  of  the  list  of  foreign  correspondents  of  the  Bureau  is  urgently  needed 
to  facilitate  current  work.  The  list  now  in  use  was  printed  in  1885,  since  which 
time  the  list  has  doubled  in  number. 


EXIUBIT  A. 
TRANSMISSION  OP  EXCHANGES  TO  FOREIGN   COUNTRIES. 

Argentine  Republic:  October  2,  November  6,  1890;  January  19,  April  17,  June  22, 

1891. 
Austria-Hungary :  Included  in  transmissions  to  Germany. 
Belgium  ;  July  17,  September  5,  October  1,  November  3,  December  5,  19,  1890  ; 

January  15,  February  18,  March  9,  May  15,  June  20,  22,  1891. 
Bolivia:  September  10,  1890;  June 22, 1891. 

Brazil:  July  14, October  16,  November  6, 1890;  January  19,  April  17,  June  22,  1891. 
British  Colonies:  Included  in  transmissions  to  England. 
China:  November  7,  1890;  June  24, 1891. 
Chile:  November  6,  1890;  January  19,  June  22,  1891. 
Colombia,  United  States  of:  September  10,  November  6,  1890;  June  22,  1891, 
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Coeta  Rica:  March  28,  Jane  26, 1891. 

Cuba:  Jane  26,  1891  (aLso  by  mail). 

Denmark:  Aagost  16,  November  3,  December  9,  1890;  January  15,  March  6,  Juno  6, 

23, 1891. 
Dutch  Guiana:  June  22, 1891. 
East  India:  Included  in  transmisttions  to  England. 
Ecuador:  September  10,  1890;  June  22, 1891. 
Egypt:  September  10,  1890;  June  26, 1891. 

France :  July  17,  August  8,  September  4,  20,  October  14, 31,  November  19, 24,  Decem- 
ber 5, 19, 27, 1890;  January  13,  February  6, 18,  March  6, 24,  April  8, 21,  May  4,  22, 

June  3, 13, 20, 24, 30, 1891. 
Germany :  July  17,  28,  August  28,  September  23,  October  7,  23,  November  5,  11,  20, 

28,  December  5, 19,  23,   1890;  January  10,  22,  February  3,  5,  14,  March  6,  23, 

April  8,  22,  May  2, 19,  June  3,  10,  20,  23,  30,  1891. 
Great  Britain  and  Ireland:  July  17,  25,  September  2,  13,  24,  October  6, 13,  29,  Novem- 
ber 8,  17,  21,  December  2,  8,  19,  29,  1890;  January  10, 24,  February  10,  24,  March 

3,  18,  April  2,  25,  May  6,  21,  June  4,  12,  20,  24,  1891. 
Greece:  April  19,  June  26,  1891. 
Guatemala:  June 26,  1891. 
Italy :  July  17,  August  25,  September  11,  29,  October  31,  November  24,  December  9, 

19,  1890;  January  8,  19,  Februarj- 12,  24,  April  7,  28,  June  5,  20,  23,  1891. 
Japan:  August  6,  September  30^  November  7,  December  9, 1890;  January  8,  March 9, 

May  10,  June  24,  1891. 
Liberia:  June  26,  1891. 
New  South  Wales :  August  6,  November  8,  December  8,  1890 ;  March  9,  May  8,  June 

24,  1891. 
Netherlands:  July  17,  September  6,  November  4,  December  19,  1890;  January  14, 

February  14,  March  3,  May  29,  June  20,  24,  1891. 
New  Zealand:  August  6,  September  13,  October  13,  November  8,  December  8,  1890; 

January  8,  March  9,   May  8,  June  24,  1891. 
Nicaragua:  Juno  26,  1891. 

Norway:  July  17,  September  11,  1890;  March 2,  June  1,  24,  1891. 
Peru:  September  10,  November  6, 1890;  June  22, 1891. 
Polynesia:  June  24,  1891. 

Portugal:  July  17,  September  11, 1890;  January  13,  March  5,  June  8,  24,  1891. 
Queensland :  August  6,  September  13,  November  8,  December  8,  1890 ;  March  9,  May 

8,  June  24,  1891. 
Roumania:  Included  in  transmissions  to  Germany. 
Russia:  July  17,  September 6,  October  31,  November  11,  December  19, 1890;  January 

8,  February  6,  14,  28,  April  14,  30,  May  28,  June  20,  24,  1891. 
Servia:  Included  in  transmissions  to  Germany. 
San  Salvador:  June  24,  1891. 

South  Australia:  August  6,  November  8,  1890;  March  9,  June  24,  1891. 
Spain:  September  8,  December  9, 1890;  January  13,  February  26,  June  24,  1891. 
Sweden:  July  17,  September  8,  October  30,  November  5, 1890;  February  27,  April  11, 

May  16,  June  24,  1891. 
Switzerland:  July  17,  September  10,  November  4,  December  9,  19,  1890;  January  19, 

22,  February  14,  March  7,  April  13,  June  1,  24,  1891. 
Tasmania:  September  13,  December  8, 1890;  March  9,  June  24,  1891. 
Turkey:  April  10,  June 26,  1891. 
Uruguay:  November  6,  1890;  June  22,  1891. 
Venezuela:  September  10,  November  6,  1890 ;  June  22,  1891. 
Yiotoria:  August  6,  October  31,  November  8,  December  8, 1890;  March  9,  May  8,  Jane 
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In  addition  to  the  above,  shipments  of  United  States 
were  made  on  October  11,  1890,  January  8,  May  15,  1891, 
following-named  countries : 


Argentine  Republic. 

Austria. 

Baden. 

Bavaria. 

Belgium. 

Buenos  Ayres. 

Brazil. 

Canada  (Ottawa). 

Canada  (Toronto). 

Chile. 

Colombia,  United  States  of. 

Denmark. 

France. 

Germany. 


Great  -Britain. 

Greece. 

Haiti. 

Hungary. 

India. 

Italy. 

Japau. 

Mexico.  * 

Netherlands. 

New  South  Wales. 

New  Zealand. 

Norway. 

Peru. 

Portugal. 


Congressional  publications 
to  the  governments  of  the 

Prussia. 

Queensland. 

Russia. 

Saxony. 

South  Australia. 

Spain. 

Sweden. 

Switzerland 

Tasmania. 

Turkey. 

Venezuela. 

Victoria. 

Wurtemberg. 


The  distribution  to  foreign  countries  was  made  in  962  cases,  representing  393  trans- 
missions, as  follows : 


Argentine  Republic 8 

Austria  t 3 

Baden  t 3 

Bavariat 3 

Belgium 15 

Bolivia 2 

Buenos  Ayres 3 

Brazil 9 

British  Coloniest • 

Canada  } 6 

China 2 

ChUe 6 

Colombia  (United  States  of) 6 

Costa  Rica 2 

Cuba  J 1 

Denmark 10 

Dutch  Guiana 1 

East  Indies 3 

Ecuador 2 

Egypt 2 

France 28 

Germany 32 

Great  Britain 32 

Greece 5 

Guatemala 1 

Haiti 3 

Hungary  t 3 

Italy 20 


Japan 11 

Liberia 1 

Mexico  $ 3 

New  South  Wales 9 

Netherlands 13 

New  Zealand 12 

Nicaragua 1 

Norway 8 

.  I  Peru 6 

Polynesia 1 

Portugal 9 

Prussia  t 3 

Queensland 10 

Roumania  t 

Russia 18 

Saxony  t 3 

Servia  t 

San  Salvador 1 

South  Australia 7 

Spain 8 

Sweden 11 

I  Switzerland 15 

!  Tasmania 7 

]  Turkey 5 

Uruguay 2 

Venezuela  .  .t 5 

Victoria 10 

Wurtemberg  t 3 


Very  respectfully,  your  obedient  servant, 

Mr.   S.   P.   L ANGLE Y, 

Secretary  Smithsonian  Institution. 


W.   C.   WiNLOCK, 

Curator  of  Exchanges, 


*  Transmissions  to  Mexico  have  been  suspended  temporarily. 
t  Miscellaneous  exchanges  included  in  transmissions  to  German^ 
t  Miscellaneous  exchanges  included  in  transmissions  to  Great  Britain 
$  In  addition  to  a  large  number  sent  by  mail. 
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oreek  along  the  eastern  bonudary  of  the  park.  This  situation  is  admirably  adapted 
by  natnre  for  the  animals,  but  has  the  disadvantage  of  exposing  them  to  the  siglit 
of  dogs  both  on  the  outside  of  the  park  and  within  it.  Three  animals  have  been  so 
frightened  as  to  lose  their  lives  from  this  cause,  and  it  will  be  necessary  to  make  the 
fence  so  tight  as  to  entirely  prevent  the  sight  of  dogs  and  probably  it  will  be  advisa- 
ble to  exclude  them  from  this  part  of  the  park  altogether. 

The  unexpected  gift  of  an  Asiatic  elephant  by  Mr.  James  £.  Cooper  made  itneces- 
aary  to  hastily  prepare  a  bam.  This  is  a  temporary  structure,  but  will  be  so  fitted 
as  to  serve  for  shelter  during  the  winter.  It  was  prepared  for  but  one  animal,  but 
by  Mr.  Cooper's  generasity  a  second  elephant  was  lent  to  the  park,  and  the  two 
have  been  made  comfortable  within  it.  The  situation  of  this  bam  is  not  wholly  sat- 
isfactory. At  the  time  it  was  built  it  was  thought  desirable  to  place  it  at  a  considera- 
ble distance  from  the  boundaries  of  the  park  in  view  of  the  possibility  of  the  ani- 
mals becoming  unmanageable.  These  apprehensions  were  fortunately  not  well- 
founded,  and  it  would  be  much  more  convenient  to  have  the  elephants  nearer  the 
stream  so  that  they  could  irequently  have  immediate  access  to  the  water.  If  funds 
for  the  erection  of  a  permanent  elephant  house  should  become  available  this  matter 
will  no  doubt  be  considered.  The  expense  of  the  maintenance  of  the  elephants  is  very 
great,  and  it  should  be  remembered  that  the  estimate  for  the  last  year's  expenditure 
was  made  without  the  knowledge  that  it  would  bo  necessary  to  meet  so  heavy  an 
item  as  the  cost  of  erecting  a  special  building  and  providing  keepers  and  provisions 
for  these  two  animals. 

As  a  colony  of  prairie  dogs  had  been  for  some  time  a  feature  of  the  collection,  it 
became  necessary  to  provide  suitable  accommodations  for  them.  Although  a  broad 
open  meadow  would  best  resemble,  their  natural  habitat  it  was  thought  best  to 
place  them  in  a  little  thicket  of  trees  to  the  west  of  the  main  drive.  Here  there  was 
built  an  inclosing  wall  3^^  feet  high,  and  from  the  footing  of  this,  galvanized  iron 
mesh- work  was  placed  in  a  trench  8  feet  d^p.  This  has  been  found  sufficient  to 
completely  confine  them.  It  is  believed  that  this  iron  not  will  not  corrode  when 
buried  so  deeply  in  the  ground.  If  this  proves  successful  for  a  series  of  years  it 
will  be  a  great  advantage,  as  it  has  usually  been  thought  in  Zoological  Gardens 
necessary  to  excavate  completely  the  inclosures  for  burrowing  animals  and  to  ce- 
ment the  bottom.  This  is  very  expensive,  and  the  result  is  that  but  few  colonies  of 
burrowing  animals  are  seen.  It  is  hoped  to  add  several  colonies  of  this  nature,  in- 
cluding some  of  the  most  characteristic  American  rodents. 

A  list  of  the  accessions  to  the  park  during  the  year  is  given  herewith.  (ExMbit 
A. )  Many  of  them  could  not  be  accommodated  in  the  houses  already  erected  and 
have  been  assigned  to  quarters  more  or  less  temporary  or  to  small  cages  scattered 
along  the  main  road.  Many  more  animals  could  have  been  procured  had  it  been 
possible  to  suitably  accommodate  them.  The  most  important  accession  is  the  Asiatic 
elephant  '*  Dunk,"  which  was  presented  to  the  park  on  April  30,  1891,  by  Mr. 
James  E.  Cooper,  the  proprietor  of  the  Adam  Forepaugh  shows.  The  elephant  is 
a  fine  animal,  about  25  years  of  age,  very  docile  and  tractable,  and  a  very  valuable 
addition  to  the  collection.  Mr.  Cooper  not  only  gave  this  elephant,  but  in  order 
to  insure  success  in  keeping  him  loaned  another,  "  Golddust, "  to  serves  a  a  com- 
panion, it  being  well  known  that  solitary  elephants  suffer  greatly  from  loneliuesa. 

When  commissioners  were  sent  to  South  America  to  collect  material  for  the  World's 
Columbian  Exposition  of  1893  it  was  thoughtfully  suggested  by  Mr.  W.  E.  Curtis, 
chief  of  the  Latin- American  Bureau  of  the  State  Department,  that  they  might  be 
also  willing  to  collect  animals  for  the  park.  Authority  was  therefore  given  them  to 
incur  expenditures  not  to  exceed  $300  for  each  person,  and  several  accessions  have 
been  made  by  this  means.  The  experiment  has  not,  however,  proved  as  satisfactory 
as  could  be  wished,  as  the  animals  sent  are  usually  badly  cared  for  on  shipboard. 

Several  animals  have  been  born  in  the  park  during  the  year,  the  most  noteworthy 
being  a  young  female  bison.  It  is  believed  that  these  animals  will  breed  freely  iu 
confinement  and  that  by  this  means  the  species  may  be  kept  indefinitely  i>erpetuatecl. 
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The  mortality  daring  the  year  has  been  considerable.  A  great  proportion  of  the 
animals  that  have  died  have  succumbed  immediately  after  arrival,  either  being  in 
bad  condition  from  iiyury  or  otherwise,  when  shipped,  or  being  too  delicate  to  stand 
transportation.  Those  who  send  specimens  to  the  park  should  always  take  care  to 
keep  the  animals  in  confinement  for  some  time  before  shipping  and  should  ask  for 
directions  as  to  the  proper  method  of  boxing.  Many  animals  are  killed  by  being 
sent  in  an  improper  manner  and  by  being  either  starved  or  provided  with  improper 
food.  The  animals  received  from  South  America  have  been  very  frequently  mori- 
bund when  received.  This  is  partly  due  to  the  customs  regulations  at  New  York  City, 
which  cause  considerable  delay  in  the  reshipment  of  animals  to  this  city. 

The  beautiful  specimen  of  the  big  horn  slieep  {Ovis  montana)  succumbed  to  an  at- 
tack of  apoplexy,  while  the  animals  were  still  confined  in  the  contracted  yards  in 
the  rear  of  the  Smithsonian  Institution.  A  post-mortem  examination  showed  the 
animal  to  be  in  an  excellent  physical  condition,  and  it  is  beli«^ved  that  lack  of 
exercise  was  the  principal  cause  of  the  disorder  that  terminated  it<8  existence.  As 
far  as  can  be  judged  from  this  case  there  appears  to  be  no  reason  whatever  why  this 
sheep,  so  rare  in  zoological  collections,  should  not  thrive  in  captivity  if  a  suitable 
range  of  rocks  and  oKfis  such  as  is  found  in  the  National  Zoological  Park  is  given 
to  it. 

The  close  of  the  year  finds  the  work  of  the  park  progressing  steadily  and  as  rap- 
idly as  the  funds  appropriated  by  Congress  will  admit.  The  interest  of  the  public 
is  found  to  be  very  great,  much  more  in  fact  than  had  been  anticipated.  There  can 
be  no  doubt  that  in  the  course  of  a  few  years  the  park  will  become  one  of  the  chief 
attractions  of  a  city  already  famous  for  its  sights,  offering  as  it  does  a  combination 
entirely  unique,  exquisitely  beautiful  natural  scenery  with  the  charming  aspects  of 
varied  animal  life. 

It  has  already  been  noticed  that  the  one  roadway  is  too  narrow  for  the  accommoda- 
ion  of  the  large  number  of  carriages  that  frequent  the  park  on  Sundays,  the  throngs 
between  the  hours  of  3  and  5  p.  m.  being  so  great  as  to  endanger  visitors,  and  it  it 
earnestly  desired  t-o  extend  the  system  of  roads  in  accordance  with  a  plan  already 
laid  out.  The  bridge,  from  necessary  economy,  was  restricted  to  a  width  just  suflB- 
cient  to  allow  carriages  to  pass,  no  footway  being  provided.  In  view  of  the  throng 
already  referred  to,  this  offers  another  source  of  danger,  and  it  is  contemplated  build- 
ing footways  on  projecting  brackets  along  either  side  of  the  bridge  should  funds  be 
appropriated  for  the  purpose.  Either  this  or  a  bridge  for  foot  passengers  alout^  will 
be  absolutely  essential. 
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Exhibit  A. 
List  of  acoesgions. 

Name. 

Specl-  ! 
mens. 

Name. 

^_ 

Small  Anteater  {Tamandua  tetradaetyla) . 

Sped- 
mcna. 

Black-faced  Coaita  lAteUa  ater) 

2 : 

1 

2  ' 
1 

3 

4 
1 
8 

*    V 

3 
6  , 

2, 
1 

' 

3! 

1 ; 

i 

8  ' 

|i 

1 
3 

74; 
4 1 

2  ■ 

I 

2 
4 

1 

2 
2 

1 

Pnma  (FelU  coneolor)    

Ocelot  (Felu  vardUUit)     

12 

Wildcat  (Lvnx  ruftts)        

Pied  hi\\edQTehe{PodUymlmtpodieept)  . 
Night    Heron    {Nyetieorcuz   nyetieorax 

ncetiut) 

Cariama  (CbruiTita  criftoto)          

Black  Wolf  {Canii  occidetUalit  var.) 

Coyote:  Prairie  Wolf  {CanU  UUranM)  .... 
Red  Fox  ( Ytdoei  ftdvui) 

yiink  (PutorituvisoH) 

Woodcock  {PhUohda  minor) 

Black-footed  Ferret  {Putoritu  nignpa) . . 

Bridled  Weasel  {Putorwi/renahu) 

Cacomlstle:  American  Civet  Cat  {Ba$- 
torit  cuttUa) 

Quail:  Bob  White  {Colinut  virginianut) . 
Scaled  Partridge  ( OaUipepla  tquamaia)  . . 

Leghorn  Chicken  {GaUut  hanHm) 

Pea  Fowl  {Pavo  erittata'i 

American  Badger  (Toxidea  amerirana)  ^. 
liiic4y>on  { T*TOCiion  lot-OT\ 

Marsh  Hawk  {Ciretit  hudtoniut ) 

Red-shouldered  Hawk  {Buieo  lineatut)  . . 

Bald  Eagle  {Haliceetut  leticoeephalttt) 

Sparrow  Hawk  {Faleo  tparveriut) 

Bam  Owl  {Strix  pratincola) 

Harbor  Seal  ( Phoca  vituUna) 

Asiatic  Elephant  {Elephas  indictu) 

Peccarv  (Dieotvle^  taiacu)     

3 

10 

Virginia  Deer  (Cariaeus  virffinianus  ) 

South  American  Re<l  Deer  (Ooa»#M#  rv/tu) 

Euroi>ean   Hedgehog   {Erinaeexu   euro- 

ncgiu\ 

Long-eared  Owl  {AHo  toiltonianui) 

Short-eared  Owl  {Asio  aeHpitHnut) 

Acadian  Owl  {Xyetaltt  aeadiea)  . . 

, 

Screech  Owl  (If ^a«eop<a«io) 

7 

Red  Squirrel  (SeiuruM  hudsoniua) 

Gray  Squirrel  {SeiuruM  earoUnenn*} 

Great  Homed  Owl  {Bubo  virginianut)  . . . 
Homed  Lark  {Otocorit  alpettrit) 

* 

Flying  Squirrel  {SciuropUnu  volueeUa)  . . 
Chipmunk  ( Tamuu  ttriatus)    

Crow  {Corvtu  americanut) 

Green  Iguana  (Iguana  5p.r) 

Chuck -molly  {Sauromalut  ater) 

Prairie  Dog  ( Cynomyt  Ittdovidanut) 

Woodchuck  (ATctoiny$  moiuuc) 

Muskrat  {I^er  zibethicxu) 

Gila  Monster  {Heloderma  tutpeetum) 

Glass  Snake  {Opheotaurut  ventralit) 

Galapagos  Tortoise  {Testudo  ephippium). 
Ground  Rattlesnake  {Cauditona  miliaria). 
Wat«r  Moccasin  {Ancittrodon  piteivorut)  . 

Copperhead  {Aneiatrodon  eontortrix) 

Hog-nosed  Adder  {HeUrodon  platyrhinut) 

Black  Snake  {Beueanion eoTUtrictor) 

Bull  Snake  {Pityophit  tayi ) .     . 

Beaver  {Catior  fiber) 

Canada  Porcupine  {Erethizon  dor$atut) . . . 

Crested  Porcupine  (Hystrix  eruUUa) 

English  Rabbit  (Leput  ewiieuliu) 

White  Rabbit  {Leput  euniculiu) 

Angora  Rabbit  {Leput  eunieulu*) 

Gray  Rabbit  {Leput  tylv<Uicut) 

White-tailed  Jack  Rabbit  {Tjeput  earn 
pestrit) 

Black-tailed  Jack-rabbit  {I^eput  eaUotit) . . 

Green  Snake  {Cydophit  vemaiit) 

Agouti  {Datyproeta  agouti) 

King  Snake  {Ophibolut  getulut) 

2 

Guinea  Pig  {Catfia  aperea) 

Milk  Snake  {Ophibolut  doUatut) 

2 

Very  respectfully, 

Mr.  8.  P.  Langlky, 

Secretary  Smithsonian  Institution. 


Frank  Baker, 
Acting  Manager^ 
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Appendix  IV. 

REPORT  OF  THE  LIBRARIAN  FOR  THE  YEAR  ENDING  JUNE  30,  1891. 

Sir  :  I  have  the  honor  respectfully  to  sabmit  my  report  on  the  work  of  the  library 
daring  the  year  from  July  1,  1890,  to  June  30,  1891. 

The  work  of  recording  and  caring  for  the  accessions  has  been  carried  on  as  during 
the  preceding  year,  the  entry  numbera  on  the  accession  book  running  from  207,176 
to  225,585. 

The  following  condensed  statement  shows  the  character  and  number  of  these  acces- 
sions : 

Puhlicati(ni8  received  between  July  i,  1890,  and  June  30,  1891, 


Octavo  or  !     Quarto 
aiDaller.     I   or  larger. 


Total. 


Tolomes j           1,844,              837  2,681 

Parts  of  volumes j           9,439'         11,086  20,525 

Pamphlets |           3,130  I              639  |  3,769 

Charts I '  319 


Total .' 27,294 


Of  these  publications,  7,720  (namely,  424  volumes,  6,413  parts  of  volumes,  and 
883  pamphlets)  were  retained  for  use  in  the  National  Museum,  and  754  medical  dis- 
sertations were  deposited  in  the  library  of  the  Surgeon-General,  U.  S.  Army.  The 
remainder  were  promptly  sent  to  the  Library  of  Congress  on  the  Mbuday  following 
their  receipt. 

In  carrying  out  the  Secretary's  plan  of  increasing  the  library  by  exchanges,  1,327 
letters  asking  for  new  exchanges,  or  calling  attention  to  deficiencies  in  series  already 
in  the  library,  were  written;  and  in  response  475  new  exchanges  were  acquired 
by  the  Institution,  and  248  defective  series  were  completed,  either  wholly  or  as  far 
as  the  publishers  were  able  to  supply  the  missing  parts.  The  value  of  this  under- 
taking is  well  shown  by  the  large  increase  of  the  actual  accessions  in  comparison 
with  those  of  the  last  fiscal  year.  In  1889-^90  the  total  number  of  accessions  was 
20,187;  in  1890-'91  it  was  27,294,  showing  a  gain  of  7,107  over  1889-'90. 

The  following  publications  have  been  added  to  the  list  of  regular  serials : 

A.  A.  BuUetini  '  Actes    de  la   Soci^t^    Sinico-Japonaise, 

Aarbog,  Norske  Geografiske  Selskab.  '      Paris. 


Aarbog,  Norske  Geologiske  Uuders^gelse, 
Aursberetning,  Danske  Sl^jdforening. 
Abhandlungen  des  Botanischen   Vereins 

der  Provinz  Brandenburg. 
Abhandlungen  zur  Geographischcn  Spe- 

cialkart^  von  Elsass-I^thringen. 
Abhandlungen  der  Koniglichen  Mctcoro- 

logischen  Gesellschaft,  Prcussen. 
Abhandlungen  des^  Koniglichen  Prensai- 

schen  Meteorologischeu  Instituts. 
Academy,  Boston.  I  Am  Urquell. 
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Adams'  Magazine. 

African. 

Agricultural  Gazette,  Sydney,  N.  S.  W. 

Agricultural  Record,  Trinidad. 

Album  der  Natuur. 

AUgemeine  Lutherische  Kirchenzeitung. 

Alpine  Journal  [Alpine  Club,  London]. 
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Natural  Science. 
Treasury. 

Utshenyja    Zapiski i — Imperial    Univer- 
sity, Kazan. 
IJhland^s  Technische  Rundschau. 
United  Service. 
Unsere  Zeit. 

Verbatim  Report — American  Street  Rail- 
way Association. 
Verdandi. 
Verhandlungen  des  DeutBchen  Wissen- 

schaftlichen  Vereins  zu  Santiago. 
Veroffentlichungen      der     Grossherzog- 

lichen  Stem  war  te  zu  Karlsruhe. 
Versammlungen    des   ArchiteRten-    und 

Ingenieurvereins  fiir  Niederrhein  und 

Westphalen. 
Vierteljahresschrift  iiber  die  Fortschritte 

auf  dem  Gebiete  der  Chemie  der  Nah- 

rungs-  und  Genu88mitt<0. 
Viertel^  ahresschrift  fiir  Volkswirthschaft, 

Politik  und  Kulturgeschichto. 
Vital  Record  of  Rhode  Island. 
Vjestnik  Obshtshestvennoj  Gigieny,  Su- 

debnoj  i  Praktitsheskoj  Meditsiny. 
Vjestnik    Sadovodstva,  Plodovodstva  i 

Ogorodnitshestva. 

The  following-  universities  have  sent  complete  sets  of  all  their  academic  publica- 
tions, including  the  inaugural  dissertations  delivered  by  the  students  on  graduation: 
Basel,  Bei-n,  Bonn,  Breslau,  Dorpat,  Erlangen,  Freiburg-in-Breisgau,  Giessen,  Got- 
tingen,  Greifswald,  Halle-an-der-Saale,  Heidelberg,  Helsingfors,  Jena,  Kiel,  Kouigs- 
berg,  Leipzig,  Louvaiu,  Lund  (two  sendings),  Rostock,  Strasburg,  Tiibingen, 
Utrecht,  Vest^rds,  Wiirzbuig,  and  Zurich. 

Among  other  important  accessions  the  following  are  worthy  of  notice :  A  large 
series  of  Italian  Government  publications  from  the  Italian  exchange  bureau ;  Shurt- 
leflTs  Topographical  and  Historical  Description  of  Boston,  and  the  **  Memorial  of  John 
Boyle  O'Reilly,"  from  the  Hon.  Harlan  P.  Paige,  Boston;  Gore's  "Electrolytic  Sepa- 
ration of  Metals,"  from  the  author;  from  the  British  Museum,  Vol.  1,  of  the  "  Cata- 
logue of  the  Cuneiform  Tablets  in  the  Kouyuiy  ik  Collection,"  "  The  Book  of  the  Dead. 
Facsimile  of  the  Papyrus  of  Ani,"  Vol.  9  of  the  "  Catalogue  of  Oriental  Coins,"  and 
"Catalogue  of  Greek  Coins,  Pontus,  Paphlagonia,"  etc.;  from  the  Natural  History 
Division  of  the  same  museum,  "Catalogue  of  Birds,"  Vols.  13, 15,  and  18,  "Catalogue 
of  Fossil  Cephalipoda,"  part  2,  "Catalogue  of  Fossil  Fishes,"  part  2,  and  "Catalogue 
of  Fossil  Reptiliaand  Amphibia,"  part*4 ;  Vol.  10  of  Nicholai  von  Kokscharow's  "Mate- 
rialien  zur  Mineralogie  Russlands,"  from  the  author ;  a  set  of  Ohio  State  publications, 
from  the  State  Library  at  Columbus;  the  concluding  volumes  of  Lilljeborg's  "Sve- 
riges  och  Norges  Fiskar,"  from  the  author;  four  large  quarto  volumes  from  the 
Society  Romana  di  Storia  Patria,  "  U  Regesto  Sublacense  del  Undeeesimo  Secolo," 
and  "H  Regesto  di  Farfa;"  Plana's  "Th6oriedu  Mouvement  dela  Lune,"  published 
in  1832,  from  the  Royal  Academy  of  Sciences,  Turin ;  a  large  series  of  official  publi- 
cations of  the  different  provinces,  etc.,  of  India,  through  the  Office  of  the  Secretary 
of  State  for  India ;  a  large  series  of  French  Government  publications,  through  the 
Bureau  Frau^ais  des  Echanges  Intemationaux ;  a  full  set  of  publications  for  the 
year,  including  all  charts  of  thehydrographic  offices  of  England,  Italy,  and  Russia; 
Prof,    van    Beneden's  recently   published    "Histoire    Naturelle    des  C^tacds    des 
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Mors  d'Europe,"  from  the  author;  municipal  reports  from  the  Stadt-Bibliothek, 
Hamburg;  three  important  geological  reports  from  the  Norwegian  Geological  Survey, 
in  addition  to  the  Aarbog  already  mentioned;  103  more  of  the  valuable  dissertations 
delivered  during  the  rectorship  of  LinnsBUS  at  Upsala,  presented  by  the  Hogre 
Allmanna  Liiroverk  at  VesterSs,  Sweden;  Dr.  Ferdinand  Roemer's  "Geologie  von 
Oberbayem,"  in  three  volumes,  from  the  Koniglich  Preussisches  Oberbergamt, 
Breslan;  "  Introduction  to  the  Study  of  Petrology:  The  Igneous  Rocks,"  by  Fred- 
erick H.  Hatch,  from  the  publishers,  Messrs.  Swan  Sonneschein  &  Co.,  London; 
ten  popular  scientific  treatises,  from  the  Royal  Hungarian  Society  of  Natural 
History,  Budapest;  23  pamphlets  from  the  Society  for  Political  Education,  New 
York ;.  46  New  Jersey  Stat-e  Reports,  from  the  New  Jersey  Historical  Society,  Newark ; 
from  the  Comision  del  Mapa  Geologico,  Madrid,  the  geological  map  of  Spain,  ''De- 
Bcrijjcion  de  la  Provincia  de  Guadalajara,"  and  ^'Estudies  Geologicos  de  las  Islas 
Balearicas, "  in  addition  to  the  memoirs  and  bulletins  already  mentioned ;  **  Codex 
Diplomaticus  Comitum  Kdrolyi  deNagy-Kftroly,"  in  four  volumes,  from  Count  Nagy- 
Karoly,  Budapest;  the  ".Teypore  Portfolio  of  Architectural  Details,"  a  magnificent 
illustrated  work,  from  His  Highness  the  Maharajah  of  Jeypore ;  a  large  collection  of 
valuable  books  from  the  National  Library  at  Rio  de  Janeiro,  including  the  mag- 
nificent folio  "Flora  Brasiliensis ;"  39  scientific  papers,  relating  largely  to  early 
Scandinavian  and  other  early  discoveries  in  America,  from  the  Eugene  Beauvois, 
Corbeson,  France;  the  large  folio  *' History  of  the  Society  of  Writers  to  her  Maj- 
esty's Signet,"  from  the  Society;  a  complete  set  of  the  publications  of  the  Institut 
National  de  Gdographie,  Brussels;  the  '^Recueil  des  Ordonnances,"  and  "Reoueil 
des  Anciennes  Coutumes,"  in  53  large  quarto  volumes,  from  the  Belgian  Exchange 
Commission ;  6  pamphlets  relating  to  Italian  palethnology,  from  Inspector  Pompeo 
Castelfranco,  Milan;  20  pamphlets  relating  to  human  and  comparative  anatomy, 
from  the  author.  Prof.  H.  Lebouco,  of  the  University  of  Ghent;  the  Memorial 
edition  of  the  "Scientific  Papers  of  James  Clerk  Maxwell,"  from  the  Clerk  Maxwell 
Memorial  Committee,  Cambridge. 

Very  respectfully  submitted. 

John  Murdoch, 

Librarian, 

Mr.  S.  P.  Langley, 

Secretary  of  the  Smithsonian  Institution, 
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Appendix  V. 

REPORT  ON  PUBLICATIONS  OF  THE  YEAR  ENDING  JUNE  30,  1891. 

SMITHSONIAN  CONTRIBUTIONS    TO  KNOWLEDGE. 

Sir  :  I  havo  the  lionor  to  submit  the  following  report  npon  the  publications  of  the 
Smithsonian  Institution  for  the  year  ending  June  30,  1891: 

Although  no  addition  has  been  made  during  the  year  to  the  series  of ''  Contribu- 
tions to  Knowledge/'  one  issue  has  been  made  in  a  similar  quarto  form,  consisting  of 
a  collection  of  botanical  plates  which  had  been  prepared  under  the  direction  of  the 
late  Dr.  Asa  Gray  between  the  years  1849  and  1859,  now  some  forty  years  ago.  This 
fragmentary  series  of  23  colored  plates  was  designed  as  a  portion  of  an  extended  illus- 
trated work  on  '*  The  Forest  Trees  of  North  America/'  In  the  Secretary's  report  to 
the  Regents  for  1849  it  was  stated : 

"It  is  intended  in  this  work  to  give  figures  from  original  drawings  of  the  flowers, 
leaves,  fruit,  etc.,  of  each  principal  species  in  the  United  States  proper,  for  the  most 
part  of  the  size  of  nature,  and  so  executed  as  to  furnish  colored  or  uncolored  copies, 
the  first  being  intended  to  give  an  adequate  idea  of  the  species,  and  the  second  for 
greater  cheapness  and  more  general  difi'usion.  This  work  will  be  completed  in  three 
parts,  in  octavo^  with  an  atlas  of  quarto  plates,  the  first  part  to  be  published  next 
spring.  A  portion  of  this  will  be  occupied  with  an  introductory  dissertation  giving 
the  present  state  of  our  knowledge  (divested  as  much  as  possible  of  all  unnecessary 
technical  terms),  of  the  anatomy,  morphology,  and  physiology  of  the  tree,  tracing 
its  growth  from  the  embryo  to  its  full  development  and  reproduction  in  the  forma- 
tion of  fruit  and  seed.  This  will  bo  illustrated  by  drawings  from  original  dissections, 
under  the  microscope,  and  sketches  made  in  every  instance  from  nature." 

The  illustrations,  so  far  as  furnished,  were  skillfully  drawn  by  Sprague,  and  were 
reproduced  on  stone  by  Sonrel,  Prestele,  and  others;  the  impressions  being  care- 
fully colored  by  hand.  In  consequence  of  various  unforeseen  hindrances  and  delays 
this  interesting  work,  unfortunately,  was  never  completed  by  its  eminent  projector ; 
and  no  descriptive  text  was  ever  received  from  him,  even  of  the  plates  which  had 
been  finished  under  his  direction. 

Notwithstanding  the  time  which  has  elapsed  since  their  original  preparation  and 
the  comparatively  limited  range  of  their  represention,  it  was  thought  advisable  that 
they  should  be  issued  for  the  benefit  of  botanists,  who  will  undoubtedly  be  inter- 
ested in  this  unfinished  work  of  their  great  leader  and  exponent,  even  without  the 
advantage  of  his  descriptive  comments. 

SMITHSONIAN  MISCELLANEOUS   COLLECTIONS. 

The  octavo  publications  of  the  year  in  this  scries  are  as  follows : 

No.  747.  *^An  Account  of  the  Progress  in  Astronomy,  for  the  years  1887, 1888,"  by 
William  C.  Winlock.  (From  the  Smithsonian  Report  for  1888.)  Octavo  pamphlet 
of  92  pages. 

No.  748.  *'An  Account  of  the  Progress  in  Geology,  for  the  years  1887, 1888,"  by  W 
J  McGee.     (From  the  Smithsonian  Report  for  1888.)    Octavo  pamphlet  of  44  pages. 

No.  749.  "All  Account  of  the  Progress  in  North  American  Paleontology,  for  the 
years  1887,  1888,"  by  Henry  S.  Williams.     (From  the  Snwfchsonian  Report  for  1888.) 
Octavo  pamphlet  of  66  pages. 
60 
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No.  751).  "An  Acconnt  of  the  Progess  in  Petrography,  for  the  years  1887,  1888,"  by 
George  P.  Merrill.  (From  the  Smithsonian  Report  for  1888.)  Octavo  pamphlet  of 
28  pages. 

No.  751.  "An  Account  of  Recent  Progress  in  Dynamic  Meteorology,"  by  Cleveland 
Abbe.  (From  the  Smithsonian  Report  for  1888. )  Illuatrated  with  7  figures.  Oc- 
tavo pamphlet  of  88  pages. 

No.  752.  "An  Account  of  the  Progress  in  Chemistry,  for  the  years  1887, 1888,"  by 
F.W.Clarke.  (From  the  Smithsonian  Report  for  1888.)  Octavo  pamphlet  of  29 
pages. 

No.  753.  "An  Account  of  the  Progress  in  Mineralogy,  for  the  years  1887, 1888,"  by 
Edward  S.  Dana.  (From  the  Smithsonian  Report  for  the  years  1887, 1888.)  Octavo 
pamphlet  of  20  pages. 

No.  754.  "An  Account  of  the  Progress  in  Botany,  for  the  years  1887, 1888,"  by  F. 
H.  Knowlton.  (From  the  Smithsonian  Report  for  1888.)  Octavo  pamphlet  of  12 
pages. 

No.  755.  "  An  Account  of  the  Progress  in  Anthropology,  for  the  years  1887,  1888," 
by  Otis  T.  Mason.  (From  the  Smithsonian  Report  for  1888.)  Octavo  pamphlet  of  86 
pages. 

No.  756.  "  Chronology  of  the  Human  Period,"  by  J.  Woodbridge  Davis.  (From  the 
Smithsonian  Report  for  1888.)    Octavo  pamphlet  of  4  pages. 

No.  757.  "  Were  the  Oaages  Mound  builders,"  by  J.  F.  Snyder.  (From  the  Smith- 
sonian Report  for  1888.)    Octavo  pamphlet  of  10  pages. 

No.  758.  '*  The  Progress  of  Science  as  exemplified  in  the  Art  of  Weighing  and 
Measuring,"  by  William  Harkness.  (From  the  Smithsonian  Report  for  1888.)  Oc- 
tavo pamphlet  of  37  pages.  • 

No.  759.  "  Determination  of  the  Mean  Density  of  the  Earth  by  means  of  a  Pendu- 
lum Principle,"  by  J.  Wilsing.  Translated  from  the  German  and  condensed  by  J. 
Howard  Gore.  (From  the  Smithsonian  Report  for  1888.)  Octavo  pamphlet  of  12 
pages,  illustrated  with  1  figure. 

No.  760.  "  Derivation  of  the  Name  America,"  by  Jules  Marcou.  (From  the  Smith- 
sonian Report  for  1888.)  Octave  pamphlet  of  27  pages,  illustrated  with  one  map 
and  2  cuts.  " 

No.  761.  "  Progress  of  Oriental  Science  in  America  during  1888,"  by  Cyrus  Adler. 
(From  the  Smithsonian  Report  for  1888.)    Octave  pamphlet  of  28  pages. 

No.  762.  "  Biographical  Memoirs  of  Spencer  Fullerton  Baird."  (From  the  Smith- 
sonian Report  for  1888.)    Octavo  pamphlet  of  42  pages. 

No.  763.  "Biographical  Memoirs  of  Asa  Gray,"  by  James  D.  Dana  and  William  G. 
Farlow.     (From  the  Smithsonian  Report  for  1888.)    Octavo  pamphlet  of  81  pages. 

No.  764.  "The  Correction  of  Sextants  for  Errors  of  Eccentricity  and  Graduation," 
by  Joseph  A.  Rogers.    Octavo  pamphlet  of  33  pages. 

No.  773.  "The  National  Scientific  Institutions  at  Berlin,"  by  Albert  Guttstadt, 
translated  from  the  German  and  condensed  by  George  H.  Boehmer.  (From  the  Smith- 
sonian Report  for  1889.)    Octavo  pamphlet  of  56  pages. 

No.  774.  "Hertz's  Researches  on  Electrical  Oscillations,"  by  G.  W.  de  Tnnzelmann 
and  by  Frederic  T.  Trouton.  (From  the  Smithsonian  Report  for  1889.)  Octavo  pam- 
phlet of  59  pages,  illustrated  with  19  figures. 

No.  775.  "An  account  of  the  Progress  in  Meteorology  for  the  year  1889,"  by  George 
E.  Curtis.  (From  the  Smithsonian  Report  for  1889.)  Octavo  pamphlet  of  81  pages. 
Illustrated  with  1  figure. 

No.  776.  "  On  the  Movement*  of  the  Earth's  Crust,"  by  A.  Bly  tt,  translated  from 
the  Norwegian  by  W.  S.  Dallas.  (From  the  Smithsonian  Report  for  1889.)  Octavo 
pamphlet  of  51  pages,  illustrated  with  1  figure. 

No.  777.  "  Timekeeping  in  Greece  and  Rome,"  by  F.  A.  Seely.  (From  the  Smithso- 
nian Report  for  1889.  >    Octavo  pamphlet  of  21  pages. 

NOf  778,  "  Biological  Papers,"  comprising  "  Botanical  Biology,"  by  W,  T.  Thiseltou- 
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Dyer;  "Elementary  Problems  in  Physiology,*'  by  J.  S.  Bnrdon-Sanderson ;  "The 
Life  Work  of  Pasteur,"  by  Sir  Henry  E.  Roscoe;  "On  Heredity,"  by  Sir  William 
Tnmer.     (From  the  Smithsonian  Report  for  1889.)    Octavo  pamphlet  of  66  pages. 

No.  779.  "Papers  on  Physical  Subjects,"  comprising  "On  Boscovich's Theory,"  by 
Sir  William  Thomson;  "The  Modern  Theory  of  Light,"  by  Oliver  J.  Lodge;  "Pho-, 
tography  in  the  Service  of  Astronomy,"  by  R.  Radau;  "The  Molecular  Structure  of 
Matter,"  by  William  Anderson.    (From  the  Smithsonian  Report  for  1889.)    Octavo 
pamphlet  of  46  pages. 

No.  780.  "A.  Michelson's  Recent  Researches  on  Light:  A  Presentation  Address," 
by  Joseph  Levering.  (From  the  Smithsonian  Report  for  1889.)  Octavo  pamphlet 
of  20  pages. 

No.  781.  "  Anthropological  Papers,"  comprising  "  Anthropology  in  the  last  Twenty 
Years,"  by  Rudolph  Virchow;  "Scandinavian  Archaeology,"  by  Ingwald  Unset; 
"The  Last  Steps  in  the  Genealogy  of  Man,"  by  Paul  Topinard.  (From  the  Smith- 
sonian Report  for  1889.)    Octavo  pamphlet  of  62  pages. 

No.  782.  "An  Account  of  the  Progress  in  Anthropology  for  the  year  1889,"  by  Otis 
T.  Mason.    (From  the  Smithsonian  Report  for  1889.)    Octavo  pamphlet  of  78  pages. 

No.  783.  "The  State  and  Higher  Education,"  by  Herbert  B,  Adams.  (From  the 
Smithsonian  Report  for  1889.)    Octavo  pamphlet  of  16  pages. 

No.  784.  "Geographical  Latitude,"  by  Walter  B.  Scaife.  (From  the  Smithsonian 
Report  for  1889.)    Octavo  pamphlet  of  45  pages. 

No.  785.  "  Bibliography  of  the  Chemical  Influence  of  Light,"  by  Alfred  Tncker- 
man.    Octavo  pamphlet  of  25  pages. 

"  United  States  Board  on  Geographic  Names."  Bulletin  No.  1.  Issued  December, 
31,  1890.    Octavo  pamphlet  of  viii»-|-  24. 

SMITHSONIAN  ANNUAL  REPORTS. 

No.  767.  "Annual  Report  of  the  Board  of  Regents  of  the  Smithsonian  Institution, 
showing  the  operations,  expenditures,  and  condition  of  the  Institution  to  July, 
1888."  This  volume  contains  the  Journal  of  Proceedings  of  the  Board  of  Regents 
at  the  annual  meeting  held  January  11,  1888;  the  Report  of  the  Executive  Com- 
mittee of  the  Board,  and  the  Report  of  the  Secretary  of  the  Institution,  followed 
by  the  "General  Appendix,"  in  which  are  given:  I.  Record  of  progress  in  various 
branches  of  science  for  the  years  1887  and  1888— in  Astronomy,  by  William  C.  Win- 
lock;  in  Geology,  by  W  J  McGee;  in  North  American  Paleontology,  by  Henry  S. 
Williams;  in  Petrography,  by  George  P,  Merrill;  in  Meteorology,  by  Cleveland  Abbe ; 
in  Chemistry,  by  F.  W.  Clarke;  in  Mineralogy,  by  Edward  S.  Dana;  in  Botany,  by  F. 
H.  Knowltou,  and  in  Anthropology,  by  Otis  T.  Mason.  II.  Miscellaneous  papers — 
"Chronology  of  the  Human  Period,"  by  J.  Woodbridge  Davis;  "Were  the  Osages 
Mound-builders f  "  by  J.  F.  Snyder;  "The Progress  of  Science  as  exemplified  in  the 
Art  of  Weighing  and  Measuring,"  by  William  Harkness;  "Determination  of  the 
Mean  Density  of  the  Earth  by  means  of  a  Pendulum  Principle,"  by  J.  Wilsing; 
"Araerriques  Amerigho  Vespucci  and  America,"  by  Jules  Marcou;  "Progress  of 
Oriental  Science  in  America  During  1888,"  by  Cyrus  Adler.  III.  Biographical  Me- 
moirs— a  collection  of  memoirs  of  Spencer  F.  Baird  and  of  Asa  Gray;  the  whole  form- 
ing an  octavo  volume  of  xli  -|-  839  pages,  illustrated  with  9  figures  and  1  map. 

No.  768.  "Annual  Report  of  the  Board  of  Regents  of  the  Smithsonian  Institution," 
showing  the  operations  and  condition  of  the  U.  S.  National  Museum  for  the  year 
ending  June  30,  1888.  This  report  comprises,  (I)  Report  of  the  Assistant  Secretary 
of  the  Smithsonian  Institution,  G.  Brown  Goode,  in  charge  of  the  National  Museum, 
upon  the  Condition  and  Progress  of  the  Museum;  (II)  Reports  of  the  Curators  of  the 
Museum  npon  the  Progress  of  Work  During  the  year;  (III)  Papers  Describing  and 
Illustrating  the  Collections  in  the  Mus«um;  (IV)  Bibliography  of  Publications  and 
Papers  Relating  to  the  Museum  during  the  year ;  (V)  List  of  Accessions  to  the  Museum 
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dnring  the  year.    This  report  forms  an  octavo  volume  of  xxii  -f-  876  pages,  illustrated 
with  159  figures,  109  plates,  and  2  foldiug  maps. 

No.  746.  ''Proceedings  of  the  Regents  and  Report  of  the  Executive  Committee 
for  the  year  1887-88,  together  with  acts  of  Congress  for  the  year."  (From  the 
Smithsonian  Report  for  1888.)    Octavo  pamphlet  of  33  pages. 

No.  769.  "Annual  Report  of  the  Board  of  Regents  of  the  Smithsonian  Institution, 
showing  the  operations,  expenditures,  and  condition  of  the  Institution  to  July,  1889." 
This  report  includes  the  Journal  of  Proceedings  of  the  Board  of  Regents  of  the  In- 
stitution at  the  annual  meeting  held  January  9,  1889 ;  the  Report  of  the  Executive 
Committee  of  the  Board ;  and  the  Report  of  the  Secretary  of  the  Institution ;  followed 
by  the  **  General  Appendix,"  which  contains  the  following  papers :  The  National 
Scientific  Institutions  at  Berlin,  by  Albert  Guttstadt;  Hertz's  Researches  on  Elec- 
trical Oscillations,  by  G.  W.  de  Tunzelmann ;  Repetition  of  Hertz's  Experiments,  etc., 
by  Frederick  T.  Tronton;  Progress  of  Meteorology  in  1889,  by  George  W.Curtis; 
How  Rain  is  Formed,  by  H.  F.  Blanford ;  On  Aerial  Locomotion,  by  F.  H.  Wenham ; 
On  the  Movements  of  the  Earth's  Crust,  by  A.  Blytt ;  Time-keeping  in  Greece  and 
Rome,  by  F.  A.  Seely ;  Botanical  Biology,  by  W.  T.  Thiselton  Dyer;  Elementary  Prob- 
lems in  Physiology,  by  J.  S.  Burden  Sanderson ;  On  Boscovich's  Theory,  by  Sir  Wil- 
liam Thompson;  The  Modem  Theory  of  Light,  by  Oliver  J.  Lodge;  Michelsou's 
Recent  Researches  on  Light,  by  Joseph  Levering ;  Photography  in  the  Service  of 
Astronomy,  by  R.  Radau;  The  Lifework  of  a  Chemist,  by  Sir  Henry  E.Roscoe;  Me- 
moir of  Heinrich  Leberecht  Fleischer,  by  AMiiller;  Memoir  of  Gustav  Robert  Kirch- 
hoff,  by  Robertson  Helmholtz;  On  Heredity,  by  Sir  William  Turner ;  Anthropology 
in  the  Last  Twenty  Years,  by  Rudolph  Virchow ;  Scandinavian  Archaeology,  by  Ing- 
wald  Unset ;  Progress  of  Anthropology  in  1889,  by  Otis  T.  Mason ;  The  Last  Steps  in 
the  Genealogy  of  Man,  by  PaulTopinard;  The  State  and  Higher  Education,  by  Her- 
bert Adams;  The  Molecular  Structure  of  Matter,  by  William  Anderson ;  Aluminium, 
byH.C.Hovey;  Alloysof  Aluminium,  by  J.  H.  Dagger;  The  Eiffel  Tower, by  G.  Eiffel 
and  by  William  A.Eddy;  The  Great  Terrestrial  Globe  at  the  Paris  Exhibition  of 
1889;  Geographical  Latitude,  by  Walter  B.  Scaife;  the  whole  forming  an  octavo  vol- 
ume of  xlvi  +  815  pages,  illustrated  with  33  figures. 

No.  771.  "  Report  of  S.  P.  Langley,  Secretary  of  the  Smithsonian  Institution,  for 
the  year  ending  June  30, 1890."  Octavo  pamphlet  of  82  pages,  illustrated  with  two 
maps. 

No.  772.  "  Proceedings  of  the  Regents,  and  Report  of  the  Executive  Committee  for 
the  year  1888-'89,  together  with  acts  of  Congress  for  the  year."    (From  the  Smith- 
sonian Report  for  1889.)      Octavo  pamphlet  of  36  pages. 
Very  respectfully  yours, 

W.  B.  Taylor, 

Mitor, 
Mr.  S.  P.  Langlky, 

SecreHry  Smithsonian  Institution^ 
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ADVERTISEMENT, 


'  The  object  of  the  Genebal  Appendix  to  the  Annaal  Report  of  the 
Smithsonian  Institution  is  to  furnish  brief  accounts  of  scientific  discov- 
ery in  particular  directions;  occasional  reports  of  the  investigations 
made  by  collaborators  of  the  Institution;  memoirs  of  a  general  charac- 
ter or  on  special  topics,  whether  original  and  prepared  expressly  for  the 
purpose,  or  selected  from  foreign  journals  and  proceedings;  and  briefly 
to  present  (as  fully  as  space  will  permit)  such  papers  not  published  \\\. 
the  Smithsonian  Contributions  or  in  the  Miscellaneous  G(^ections  as 
may  be  supposed  to  be  of  intereist  or  value  to  the  numerous  correspond- 
ents of  the  Institution. 

It  has  been  a  prominent  object  of  the  Board  of  Begents  of  the  Smith* 
sonian  Institution,  from  a  very  early  date,  to  enrich  the  annual  report 
required  of  them  by  law  with  memoirs  illustrating  the  more  remarka- 
ble and  important  developments  in  physical  and  biological  discovery, 
as  well  as  showing  the  general  character  of  the  operations  of  the  Insti- 
tution; and  this  purpose  has,  during  the  greater  part  of  its  history, 
been  carried  out  largely  by  the  publication  of  such  papers  as  would 
possess  an  interest  to.  all  attracted  by  scientific  progress. 

In  1880,  the  Secretary,  induced  in  part  by  the  discontinuance  of  an 
annaal  summary  of  progress  which  for  thirty  years  previous  had  been 
issued  by  well-known  private  publishing  firms,  had  prepared  by  com- 
j)etent  collaborators  a  series  of  abstracts,  showing  concisely  the  promi- 
nent features  of  recent  scientific  progress  in  astronomy,  geology,  meteor- 
ology, physics,  chemistry,  mineralogy,  botany,  zoology,  and  anthropol- 
ogy. This  latter  plan  was  continued,  though  not  altogether  satisfac- 
torily, down  to  and  including  the  year  1888. 

In  the  report  for  1889,  a  return  was  made  to  the  earlier  method  of 
presenting  a  miscellaneous  selection  of  pax>ers  (some  of  them  original) 
embracing  a  considerable  range  of  scientific  investigation  and  discus- 
sion.    This  method  has  been  continued  in  the  present  report,  for  1891. 
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CELESTIAL  SPECTROSCOPY.* 


By  William  Huggins,  f.  r.  s. 


In  1866, 1  had  the  honor  of  bringing  before  this  Association,  at  one  of 
the  evening  lectures,  an  account  of  the  first  fruits  of  the  novel  and  un- 
exi)ected  advances  in  our  knowledge  of  the  celestial  bodies  which  fol- 
lowed rapidly  upon  Eirchhoffs  original  work  on  the  solar  spectrum 
and  the  interpretation  of  its  lines. 

Since  that  time  a  great  harvest  has  been  gathered  in  the  same  field 
by  many  reapers.  Spectroscopic  astronomy  has  become  a  distinct  and 
acknowledged  branch  of  the  science,  possessing  a  large  literature  of 
its  own,  and  observatories  specially  devoted  to  it.  The  more  recent  dis- 
covery of  the  gelatine  dry  plate  has  given  a  further  greatimx>etus  to  this 
modern  side  of  astronomy  and  has  opened  a  pathway  into  the  unknown 
of  which  even  an  enthusiast  thirty  years  ago  would  scarcely  have  dared 
to  dream. 

In  no  science,  x>erhaps,  does  the  sober  statement  of  the  results  which 
have  been  achieved  appeal  so  strongly  to  the  imagination  and  make 
so  evident  the  almost  boundless  powers  of  the  mind  of  man.  By 
means  of  its  light  alone  to  analyze  the  chemical  nature  of  a  far-distant 
body;  to  be  able  to  reason  about  its  present  state  in  relation  to  the 
past  and  future;  to  measure  within  an  English  mile  or  less  per  second 
the  otherwise  invisible  motion  which  it  may  have  towards  or  from  us; 
to  do  more,  to  make  even  that  which  is  darkness  to  our  eyes  light,  and 
from  vibrations  which  our  organs  of  sight  are  powerless  to  perceive 
to  evolve  a  revelation  in  which  we  see  mirrored  some  of  the  stages 
through  which  the  stars  may  pass  in  their  slow  evolutional  progress — 
surely  the  record  of  such  achievements,  however  poor  the  form  of 
words  in  which  they  may  be  described,  is  worthy  to  be  regarded  as  the 
scientific  epic  of  the  present  century. 

Spectroscopic  methods. — I  do  not  purpose  to  attempt  a  survey  of  the 
progress  of  spectroscopic  astronomy  from  its  birth  at  Heidelberg  in  1859, 
but  to  point  out  what  we  do  know  at  present,  as  distinguished  from  what 


'Presidential  address  to  the  British  Association  for  the  Advancement  of  Science. 
tskt  Cardiff,  August,  1891.    (Report  of  BHt.  Abboo.  1891,  voL  lxi,  pp.  3-^.) 
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we  do  not  know,  of  a  few  only  of  its  more  important  problems,  giving  a 
prominent  place,  in  accordance  with  the  traditions  of  this  chair,  to  the 
work  of  the  last  year  or  two. 

In  the  spectroscope  itself  advances  have  been  made  by  Lord  Eay- 
leigh  by  his  discussion  of  the  theory  of  the  instrument  and  by  Prof. 
Bowland  in  the  construction  of  concave  gratings. 

Lord  Rayleigh  has  shown  that  there  is  not  the  necessary  connection, 
sometimes  supposed,  between  dispersion  and  resolving  power,  as  be- 
sides the  prism  or  grating  other  details  of  construction  and  of  adjust- 
ment of  a  sx>ectroscope  must  be  taken  into  account. 

The  resolving  power  of  the  prismatic  spectroscope  is  proportional  to 
the  length  of  path  in  the  dispersive  medium.  For  the  heavy  flint  glass 
used  in  Lord  Eayleigh's  experiments,  the  thickness  necessary  to  resolve 
the  sodium  lines  came  out  1*02  centimeters.  If  this  be  taken  as  a  unit, 
the  resolving  power  of  a  prism  of  similar  glass  will  be  (in  the  neighbor- 
hood of  the  sodium  lines)  equal  to  the  number  of  centimeters  of  its 
thickness.  In  other  parts  of  the  spectrum  the  resolving  power  will 
vary  inversely  as  the  third  power  of  the  wave  length,  so  that  it  will  be 
eight  times  as  great  in  the  violet  as  in  the  red.  The  resolving  power 
of  a  spectroscope  is  therefore  proportional  to  the  total  thickness  of  the 
dispersive  material  in  use,  irrespective  of  the  number,  the  angles,  or 
the  setting  of  the  separate  prisms  into  which,  for  the  sake  of  conven- 
ience, it  may  be  distributed. 

The  resolving  power  of  a  grating  depends  upon  the  total  number  of 
lines  on  its  surface  and  the  order  of  spectrum  in  use,  about  1,000  lines 
being  necessary  to  resolve  the  sodium  lines  in  the  first  spectrum. 

As  it  is  often  of  importance  in  the  record  of  observations  to  state 
the  eflftciency  of  the  spectroscope  with  which  they  were  made.  Prof. 
Schuster  has  proposed  the  use  of  a  unit  of  purity  as  well  as  of  resolv- 
ing power,  for  the  full  resolving  power  of  a  sx)ectroscope  is  realized 
in  practice  only  when  a  sufficiently  narrow  slit  is  used.  The  unit  of 
j)urity  also  is  to  stand  for  the  separation  of  two  lines  differing  by  one- 
thousandth  of  their  own  wave  length,  about  the  separation  of  the 
sodium  ])air  at  D. 

A  further  limitation  may  come  in  from  the  physiological  fiact  that, 
as  Lord  Kayleigh  has  pointed  out,  the  eye,  when  its  full  aperture  is 
used,  is  not  a  perfect  instrument.  If  we  wish  to  realize  the  frill  resolv- 
ing power  of  a  spectroscope,  therefore,  the  emergent  beam  must  not  be 
larger  than  about  one-third  of  the  opening  of  the  pupil. 

Up  to  the  prei^ent  time  the  standard  ot  reference  for  nearly  all  spec- 
troscopic work  continues  to  be  Angstrom's  map  of  the  solar  spectniir* 
and  his  scale  based  upon  his  original  determinations  of  absolute  wave 
length.  It  is  well  known,  as  was  pointed  out  by  Thal^n  in  his  work 
on  the  spectrum  of  iron,  in  1884,  that  Angstrom's  figures  are  slightly 
too  small,  in  consequence  of  an  error  existing  in  a  standard  meter  used 
by  him.  The  corrections  for  this  have  been  introduced  into  the  tables 
of  the  wave  lengths  of  terrestrial  spectra  collected  and  revised  by  a 
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(k)mmittee  of  this  Association  from  1885  to  1887.    Last  year  the  com- 
mittee added  a  table  of  corrections  to  ^Rowland's  scale. 

The  inconvenience  caased  by  a  change  of  standard  scale  is,  fot  a 
time  at  least,  considerable^  but  there  is  little  doubt  that  in  the  near 
future  Rowland's  photographic  map  of  the  solar  spectrum  and  his 
scale  based  on  the  determinations  of  absolute  wave  length  by  Pierce 
and  Bell,  or  the  Potsdam  scale,  based  on  original  determinations  by 
Mttller  and  Kempf,  which  differs  very  slightly  from  it,  will  oome  to  be 
exclusively  adopted. 

The  great  accuracy  of  Rowland's  photographic  map  is  due  chiefly  to 
the  introduction  by  him  of  concave  gratings  and  of  a  method  for  their 
use  by  which  the  problem  of  the  determination  of  relative  wave  lengths 
is  simplified  to  measures  of  coincidences  of  the  lines  in  different  spectra 
by  a  micrometer. 

The  concave  grating  and  its  peculiar  mounting,  in  which  no  lens^ 
or  telescope  are  needed,  and  in  which  all  the  spectra  are  in  focus 
together,  formed  a  new  departure  of  great  importance  in  the  measure- 
ment of  spectral  lines.  The  valuable  method  of  photogi^aphic  sensi- 
tizers for  different  parts  of  the  spectrum  has  enabled  Prof.  Rowland  to 
include  in  his  map  the  whole  visible  solar  spectrum,  as  well  as  the 
ultra-violet  portion  as  far  as  it  can  get  through  our  atmosphere.  Some 
recent  photographs  of  the  solar  spectrum,  which  include  A^  by  Mr. 
George  Higgs,  are  of  great  technical  beauty. 

During  the  past  year  the  results  of  three  independent  researches 
have  appeared,  in  which  the  special  object  of  the  observers  has  been 
to  distinguish  the  lines  which  are  due  to  our  atmosphere  from  those 
which  are  truly  solar — the  maps  of  M.  Thollon,  which,  owing  to  his 
lamented  death  just  before  their  final  completion,  have  assumed  the 
character  of  a  memorial  of  him;  maps  by  Dr.  Becker;  and  sets  of  pho- 
tographs of  a  high  and  a  low  sun  by  Mr.  McClean. 

At  the  meeting  of  this  association  in  Bath,  M.  Janssen  gave  an  ac- 
count of  his  own  researches  on  the  terrestrial  lines  of  the  solar  spec- 
trum which  owe  their  origin  to  the  oxygen  of  our  atmosphere.  He 
discovered  the  remarkable  fact  that,  while  one  class  of  bands  varies  as 
the  density  of  the  gas,  other  diffuse  bands  vary  as  the  square  of  the 
density.  These  observations  are  in  accordance  with  the  work  of  Ego- 
rott  and  of  Olszewski,  and  of  Liveing  and  Dewar  on  condensed  oxy- 
gen. In  some  recent  experiments  Olszewski,  with  a  layer  of  liquid 
oxygen  30  millimeters  thick,  saw,  as  well  as  four  other  bands,  the  band 
coincident  with  Fraunhofer's  A;  a  remarkable  instance  of  the  persist- 
ence of  absorption  through  a  great  range  of  temperature.  The  light 
which  passed  through  the  liquid  oxygen  had  a  light  blue  color  resem- 
bling that  of  the  sky. 

Of  not  less  interest  are  the  experiments  of  Knut  Angstrom,  which 
show  that  the  carbonic  acid  and  aqueous  vai)Our  of  the  atmosphere 
reveal  their  presence  by  dark  bands  in  the  invisible  infra-red  regi 
at  the  positions  of  bands  of  emission  of  these  substances. 
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Spectroscopic  conditions. — It  is  now  some  thirty  years  since  the  spec- 
troscope gave  us  for  the  first  time  certain  knowledge  of  the  nature  of 
the  heavenly  bodies,  and  revealed  the  fundamental  fact  that  terrestrial 
matter  is  not  pecaliar  to  the  solar  system,  but  is  common  to  all  the 
stars  tvhich  ate  visible  to  us. 

In  the  case  of  a  star  such  as  Oapella,  which  has  a  spectrum  almost 
identical  with  that  of  the  sun,  we  feel  justified  in  concluding  that  the 
matter  of  which  it  Is  built  up  is  similar,  and  that  its  temperature  is 
also  high,  and  not  very  different  from  the  solar  temperature.  The  task 
of  analyzing  the  stars  and  nebulse  becomes  however  one  of  very  great 
difficulty  when  we  have  to  do  with  spectra  differing  from  the  solar  type. 
We  are  thrown  back  upon  the  laboratory  for  the  information  necessary 
to  enable  us  to  interpret  the  indications  of  the  spectroscope  as  to  the 
chemical  nature,  the  density  and  pressure,  and  the  temperature  of  the 
celestial  masses. 

What  the  spectroscoi)e  immediately  reveals  to  us  are  the  waves 
which  were  set  up  in  the  aether  filling  all  inter-stellar  space,  years  or 
hundreds  of  years  ago,  by  the  motions  of  the  molecules  of  the  celestial 
substances.  As  a  rule,  it  is  only  when  a  body  is  gaseous  and  sufficiently 
hot  that  the  motions  within  its  molecules  can  produce  bright  lines  and 
a  corresponding  absorption.  The  spectra  of  the  heavenly  bodies  are 
indeed,  to  a  great  extent  absorption  spectra,  but  we  have  usually  to 
study  them  through  the  corresponding  emission  spectra  of  bodies 
brought  into  the  gaseous  form  and  rendered  luminous  by  means  of 
flames  or  of  electric  discharges.  In  both  cases,  unfortunately,  as  has 
been  shown  recently  by  Profs.  Liveing  and  Dewar,  Wiillner,  E.  Wiede- 
mann and  others,  there  appears  to  be  no  certain  direct  relation  be- 
tween the  luminous  radiation  as  shown  in  the  spectroscope  and  the 
temperature  of  the  flame,  or  of  the  gaseous  contents  of  the  vacuum 
tube — that  is,  in  the  usual  sense  of  the  term  as  applied  to  the  mean 
motion  of  all  the  molecules.  In  both  cases,  the  vibratory  motions  with- 
in the  molecules  to  which  their  luminosity  is  due  are  almost  always 
much  greater  than  would  be  produced  by  encounters  of  molecules  hav- 
ing motions  of  translation  no  greater  than  the  average  motions  which 
characterize  the  temi)erature  of  the  gases  as  a  whole.  The  tempera- 
ture of  a  vacuum  tube  through  which  an  electric  discharge  is  taking 
place  may  be  low,  as  shown  by  a  thermometer,  quite  apart  from  the 
consideration  of  the  extreme  smallness  of  the  mass  of  gas,  but  the 
vibrations  of  the  luminous  molecules  must  be  violent  in  whatever  way 
we  suppose  them  to  be  set  up  by  the  discharge;  if  we  take  Schuster's 
view  that  comparatively  few  molecules  are  carrying  the  discharge,  and 
that  it  is  to  the  fierce  encounters  of  these  alone  that  the  luminosity  is 
due,  then  if  all  the  molecules  had  similar  motions,  the  temperature  of 
the  gas  would  be  very  high. 

So  in  flames  where  chemical  changes  are  in  progress,  the  vibratory 
motions  of  the  molecules  which  are  luminous  may  be,  in  connection  with 
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the  euergy  set  free  in  these  changes,  very  diflferent  from  those  corre- 
sponding to  the  mean  temperature  of  the  flame. 

Under  the  ordinary  conditions  of  terrestrial  experiments,  therefore, 
the  temperature  or  the  mean  vis  viva  of  the  molecules  may  have  no  di- 
rect relation  to  the  total  radiation,  which,  on  the  other  hand,  is  the 
sum  of  the  radiation  due  to  each  luminous  molecule. 

These  phenomena  have  recently  been  discussed  by  Ebert  from  the 
standpoint  of  the  electro-magnetic  theory  of  light. 

Very  great  caution  is  therefore  called  tor  when  we  attempt  to  reason 
by  the  aid  of  laboratory  experiments  to  the  temperature  of  the  heavenly 
bodies  from  their  radiation,  especially  on  the  reasonable  assumption 
that  in  them  the  luminosity  is  not  ordinarily  associated  with  chemical 
changes  or  with  electrical  discharges;  but  is  due  to  a  simple  glowing 
from  the  ultimate  conversion  of  the  gravitational  energy  of  shrinkage 
into  molecular  motion. 

In  a  recent  paper  Stas  maintains  that  electric  spectra  are  to  be  re- 
garded as  distinct  from  flame  spectra;  and  from  researches  of  his  own, 
that  the  pairs  of  lines  of  the  sodium  spectrum  other  than  D  are  pro- 
duced only  by  disruptive  electric  discharges.  As  these  pairs  of  lines 
are  found  reversed  in  the  solar  spectrum,  he  concludes  that  the  sun's 
radiation  is  due  mainly  to  electric  discharges.  But  Wolf  and  Diacon, 
and  later,  Watts,  observed  the  other  pairs  of  lines  of  the  sodium  spec- 
trum when  the  vapor  was  raised  above  the  ordinary  temperature  of 
the  Bunsen  flame.  Recently,  Liveing  and  Dewar  saw  easily,  besides 
D,  the  citron  and  green  pairs,  and  sometimes  the  blue  pair  and  the 
orange  pair,  when  hydrogen  charged  with  sodium  vapor  was  burning 
at  diflferent  pressures  in  oxygen.  In  the  case  of  sodium  vapor,  there- 
fore, and  presumably  in  all  other  vapors  and  gases,  it  is  a  matter  of 
indifference  whether  the  necessary  vibratory  motion  of  the  molecules  is 
produced  by  electric  discharges  or  by  flames.  The  presence  of  lines  in 
the  solar  spectrum  which  we  can  only  produce  electrically,  is  an  indica- 
tion, however,  as  Stas  points  out,  of  the  high  temperature  of  the  sun. 

We  must  not  forget  that  the  light  from  the  heavenly  bodies  may  con- 
sist of  the  combined  radiations  of  different  layers  of  gas  at  different  tem- 
peratui*es,  and  possibly  be  further  complicated  to  an  unknown  extent 
by  the  absorption  of  cooler  portions  of  gas  outside. 

Not  less  caution  is  needed  if  we  endeavor  to  argue  from  the  broaden- 
ing of  lines  and  the  coming  in  of  a  continuous  spectrum  as  to  the  rela- 
tive pressure  of  the  gas  in  the  celestial  atmospheres.  On  the  one  hand, 
it  can  not  be  gainsaid  that  in  the  laboratory  the  widening  of  the  lines 
in  a  Plttcker's  tube  follows  upon  increasing  the  density  of  the  residue 
of  hydrogen  in  the  tube,  when  the  vibrations  are  more  frequently  dis- 
turbed by  fresh  encounters,  and  that  a  broadening  of  the  sodium  lines 
in  a  flame  at  ordinary  pressure  is  produced  by  an  increase  of  the  quan- 
tity of  sodium  in  the  flame;  but  it  is  doubtful  if  pressure,  as  distin- 
guished from  quantity,  does  produce  an  increase  of  the  breadth  of  the 
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lines.  An  individual  molecule  of  sodium  will  be  sensibly  in  tbe  same 
condition,  considering  the  relatively  enormous  number  of  tlie  molecules 
of  the  other  gases,  whether  the  flame  is  scantily  or  copiously  fed  with 
the  sodium  salt.  With  a  small  quantity  of  sodium  vapor  the  intensity 
will  be  feeble  except  near  the  maximum  of  the  lines;  when,  however, 
the  quantity  is  increased,  the  comparative  transparency  on  the  sides  of 
the  maximum  will  allow  the  light  from  the  additional  molecules  met 
with  in  the  path  of  the  visual  ray  to  strengthen  the  radiation  of  the 
molecules  farther  back,  and  so  increase  the  breadth  of  the  lines. 

In  a  gaseous  mixture  it  is  found,  as  a  rule,  that  at  the  same  pressure 
or  temperature,  as  the  encounters  with  similar  molecules  become  fewer, 
the  spectral  lines  will  be  affected  as  if  the  body  were  observed  under 
conditions  of  reduced  quantity  or  temperature* 

In  their  recent  investigation  of  the  spectroscopic  behavior  of  flames 
under  various  pressures  up  to  forty  atmospheres,  Profs.  Living  and 
Dewar  have  come  to  the  conclusion  that  though  the  prominent  feature 
of  the  light  emitted  by  flames  at  high  pressure  appears  to  be  a  strong 
continuous  spectrum,  there  is  not  the  slight'Cst  indication  that  this  con- 
tinuous spectrum  is  produced  by  the  broadening  of  the  lines  of  the  same 
gases  at  low  pressure.  On  the  contrary,  photometric  observations  of 
the  brightness  of  the  continuous  spectrum,  as  the  pressure  is  varied, 
show  that  it  is  mainly  produced  by  the  mutual  action  of  the  molecules 
of  a  gas.  Experiments  on  the  sodium  spectrum  were  carried  up  to  a 
pressure  of  forty  atmospheres  without  producing  any  definite  effect  on 
the  width  of  the  lines  which  could  be  ascribed  to  the  pressure.  In  a 
similar  way  the  lines  of  the  spectrum  of  water  showed  no  signs  of  ex- 
pansion up  to  twelve  atmospheres;  though  more  intense  than  at  ordi- 
nary pressure,  they  remained  narrow  and  clearly  defined. 

It  follows  therefore  that  a  continuous  spectrum  can  not  be  considered, 
when  taken  alone,  as  a  suie  indication  of  matter  in  the  liquid  or  the 
solid  state.  Not  only,  as  in  the  experiments  already  mentioned,  such 
a  spectrum  may  be  due  to  gas  when  under  pressure,  but,  as  Maxwell 
pointed  out,  if  the  thickness  of  a  medium,  such  as  sodium  vapor,  which 
radiates  and  absorbs  different  kinds  of  light,  be  very  great,  and  the 
temperature  high,  the  light  emitted  will  be  of  exactly  the  same  composi- 
tion as  that  emitted  by  lamp-black  at  the  same  temperature,  for  the 
radiations  which  are  feebly  emitted  will  be  also  feebly  absorbed  and 
can  reach  the  surface  from  immense  depths.  Schuster  has  shown  that 
oxygen,  even  in  a  partially  exhausted  tube,  can  give  a  continuous  spec- 
trum when  excited  by  a  feeble  electric  discharge. 

Compound  bodies  are  usually  distinguished  by  a  banded  spectrum; 
but.,  on  the  other  hand,  such  a  spectrum  does  not  necessarily  show  the 
presence  of  compounds — that  is,  of  molecules  containing  different  kinds 
of  atoms — but  simply  of  a  more  complex  molecule,  which  may  be  made 
up  of  similar  atoms,  and  be,  therefore,  an  allot ropic  condition  of  the 
same  lK)dy.    In  some  cases — for  example,  in  the  diffuse  bands  of  the 
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absorption  spectmin  of  oxygen — ^tbe  bands  may  have  an  intensity  pro- 
I)ortional  to  tbe  sqnare  of  the  density  of  the  gas,  and  may  be  due  either 
to  the  formation  of  more  complex  molectdes  of  the  gas  with  increase  of 
pressure  or,  it  may  be,  to  the  constraint  to  which  the  molecules  are  sub- 
ject during  their  encounter  with  one  another. 

It  may  be  thought  that  at  least  in  the  coincidences  of  bright  lines  we 
are  on  the  s^lid  ground  of  certainty,  since  the  length  of  the  waves  set 
up  in  the  «ther  by  a  molecule,  say  of  hydrogen,  is  the  most  fixed  and 
absolutely  permanent  quantity  in  nature,  and  is  so  of  physical  necessity, 
for  with  any  alteration  the  molecule  would  cease  to  be  hydrogen. 

Such  would  be  the  case  if  the  coincidence  were  certain;  but  an  abso- 
lute coincidence  can  be  only  a  matter  of  greater  or  less  probability, 
depending  on  the  resolving  power  employed,  on  the  number  of  the  lines 
which  correspond,  and  on  their  characters.  When  the  coincidences  are 
very  numerous,  as  in  the  case  of  iron  and  the  solar  spectrum,  or  the 
lines  are  characteristically  grouped,  as  in  the  case  of  hydrogen  and  the 
solar  spectrum,  we  may  regard  the  coincidence  as  certain;  but  the 
progress  of  science  has  been  greatly  retarded  by  resting  important  con- 
clusions ux)on  the  apparent  coincidence  of  single  lines  in  spectroscopes 
of  very  small  resolving  power.  In  such  cases,  unless  other  reasons 
8npp<»rting  the  coincidence  are  present,  the  probability  of  a  real  coinci- 
dence is  almost  too  small  to  be  of  any  importance,  especially  in  the  case 
of  a  heavenly  body  which  may  have  a  motion  of  approach  or  of  recession 
of  unknown  amount. 

But  even  here  we  are  met  by  the  confusion  introduced  by  multiple 
spectra,  corresponding  to  different  molecular  groupings  of  the  same 
substance  and,  further,  to  the  influence  of  substances  in  vapor  upon 
each  other  5  for  when  several  gases  are  present  together  the  phenomena 
of  radiation  and  reversal  by  absorption  are  by  no  means  the  same  as 
if  the  gases  were  free  from  each  other's  influence,  and  especially  is  this 
the  case  when  they  are  illuminated  by  an  electric  discharge. 

I  have  said  as  much  as  time  will  permit  and  I  think  indeed  suffi- 
cient to  show  that  it  is  only  by  the  laborious  and  slow  process  of  most 
cautious  observation  that  the  foundations  of  the  science  of  celestial 
physics  can  be  surely  laid.  We  are  at  present  in  a  time  of  transition, 
when  the  earlier  and,  in  the  nature  of  things,  less  precise  observations 
are  giving  place  to  work  of  an  order  of  accuracy  much  greater  than 
was  formerly  considered  attainable  with  objects  of  such  small  bright- 
ness as  the  stars. 

The  accuracy  of  the  earlier  determinations  of  the  spectra  of  the  ter- 
restrial elements  is  in  most  eases  insuflBcient  for  modem  work  on  the 
stars  as  well  as  on  the  sun.  It  falls  much  below  the  scale  adopted  in 
Rowland's  map  of  the  sun,  as  well  as  below  the  degree  of  accuracy  at- 
tained at  Potsdam  by  photography  in  a  part  of  the  spectrum  for  the 
brighter  stars.  Increase  of  resolving  power  very  frequently  breaks  up 
into  groups,  in  the  spectra  of  the  sun  and  stars,  the  lines  which  had 
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been  regarded  as  single,  and  their  supposed  coincidence  with  terrestrial 
lines  falls  to  the  gi'ound.  For  this  reason  many  of  the  early  conclusions 
based  on  observation  as  good  as  it  was  possible  to  make  at  the  time 
with  the  less  powerftd  spectroscopes  then  in  nse,  may  not  be  found  to  be 
maintained  under  the  much  greater  resolving  power  of  modem  instru- 
ments. 

Spectroscopic  Problems. — The  spectroscope  has  failed  as  yet  to  inter- 
pret for  us  the  remarkable  spectrum  of  the  aurora  borealis.  Undoubt- 
edly in  this  phenomenon  portions  of  our  atmosphere  are  lighted  up  by 
electric  discharges;  we  should  expect,  therefore,  to  recognize  the  spectra 
of  the  gases  known  to  be  present  in  it.  As  yet  we  have  not  been  able 
to  obtain  similar  spectra  from  these  gases  artificially,  and  especially  we 
do  not  know  the  origin  of  the  principal  line  in  the  green,  which  often 
appears  alone,  and  may  have,  therefore,  an  origin  independent  of  that  of 
the  other  lines.  Becently  the  suggestion  has  been  made  that  the  aurora 
is  a  phenomenon  produced  by  the  dust  of  meteors  and  falling  stars,  and 
that  near  positions  of  certain  auroral  lines  or  flutings  of  manganese, 
lead,  barium^  thallium,  iron,  etc.,  are  sufficient  to  justify  us  in  regarding 
meteoric  dust  in  the  atmosphere  as  the  origin  of  the  auroral  spectrum. 
Liveing  and  Dewar  have  made  a  conclusive  research  on  this  point,  by 
availing  themselves  of  the  dust  of  excessive  minuteness  thrown  oflf 
from  the  surface  of  the  electrodes  of  various  metals  and  meteorites  by 
a  disruptive  discharge,  and  carried  forward  into  the  tube  of  observa- 
tion by  a  more  or  less  rapid  current  of  air  or  other  gas.  These  experi- 
ments prove  that  metallic  dust,  however  fine,  suspended  in  a  gas  will 
not  act  like  gaseous  matter  in  becoming  luminous  with  its  character- 
istic spectrum  in  an  electric  discharge  similar  to  that  of  the  aurora- 
Prof.  Schuster  has  suggested  that  the  principal  line  may  be  due  to  some 
very  light  gas  which  is  present  in  too  small  a  proportion  to  be  detected 
by  chemical  analysis  or  even  by  the  spectroscope  in  the  presence  of 
the  other  gases  near  the  earth,  but  which,  at  the  height  of  the  auroral 
discharges  is  in  a  sufficiently  greater  relative  proportion  to  give  a 
spectrum.  Lemstrom,  indeed,  states  that  he  saw  this  line  in  the  silent 
discharge  of  a  Holtz  machine  on  a  mountain  in  Lapland.  The  lines 
may  not  have  been  obtained  in  our  laboratories  from  the  atmospheric 
gases  on  account  of  the  difficulty  of  re-producing  in  tubes  with  sufficient 
nearness  the  conditions  under  which  the  auroral  discharges  take  place. 

In  the  spectra  of  comets  the  spectroscope  has  shown  the  presence  of 
carbon  presumably  in  combination  with  hydrogen,  and  also  sometimes 
with  nitrogen ;  and  in  the  case  of  comets  approaching  very  near  the  sun, 
the  lines  of  sodium,  and  other  lines  which  have  been  supposed  to  belong 
to  iron.  Though  the  researches  of  Prof.  H.  A.  Newton  and  of  Prof. 
Schiaparelli  leave  no  doubt  of  the  close  connection  of  comets  with 
ocoeisg^nding  periodic  meteor  swarms,  and  therefore  of  the  probable 
f  oometary  matter  with  that  of  meteorites,  with  which  the  spec- 
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troscopic  evidence  agrees,  it  would  be  perhaps  unwise  at  present  to  at< 
tempt  to  define  too  precisely  the  exact  condition  of  the  matter  which 
forms  the  nucleus  of  the  comet.  In  any  case  the  part  of  the  light  of 
the  comet  which  is  not  reflected  solar  light  can  scarcely  be  attributed 
to  a  high  temperature  produced  by  the  clashing  of  separate  meteoric 
stones  set  up  within  the  nucleus  by  the  sun's  disturbing  force.  We 
must  look  rather  to  disruptive  electric  discharges,  produced  probably 
by  processes  of  evaporation  due  to  increased  solar  heat,  which  would 
be  amply  sufficient  to  set  free  portions  of  the  occluded  gases  into  the 
vacuum  of  space.  May  it  be  that  these  discharges  are  assisted,  and 
indeed  possibly  increased,  by  the  recently-discovered  action  of  the 
ultra-violet  part  of  the  sun's  light!  Lenard  and  Wolfe  have  shown 
that  ultra-violet  light  can  produce  a  discharge  from  a  negatively  elec- 
trified piece  of  metal,  while  Hallwachs  and  Eighi  have  shown  further 
that  ultra-violet  light  can  even  charge  positively  an  unelectrified  piece 
of  metal.  SimUar  actions  on  cometary  matter,  unscreenedas  it  is  by  an 
absorptive  atmosphere,  at  least  of  any  noticeable  extent,  may  well  be 
powerfiQ  when  a  comet  approaches  the  sun,  and  help  to  explain  an 
electrified  condition  of  the  evaporated  matter  which  would  possibly 
bring  it  under  the  sdn's  repulsive  action.  We  shall  have  to  return  to 
this  point  in  speaking  of  the  solar  corona. 

A  very  great  advance  has  been  made  in  our  knowledge  of  the  con- 
stitution of  the  sun  by  the  recent  work  at  the  Johns  Hopkins  University 
by  means  of  photography  and  concave  gratings,  in  comparing  the  solar 
spectrum,  under  great  resolving  power,  directly  with  the  spectra  of  the 
terrestrisd  elements.  Prof.  Rowland  has  shown  that  the  lines  of  thirty- 
six  terrestrial  elements  at  least  are  certainly  present  in  the  solar  spec- 
trum, while  eight  others  are  doubtful.  Fifteen  elements,  including  ni- 
trogen, as  it  shows  itself  under  an  electric  discharge  in  a  vacuum  tube^ 
have  not  been  found  in  the  solar  spectrum.  Some  ten  other  elements, 
inclusive  of  oxygen,  have  not  yet  been  compared  with  the  sun's  spec 
tram. 

Bowland  remarks  that  of  the  fifteen  elements  named  as  not  found  in 
the  sun,  many  are  so  classed  because  they  have  few  strong  lines,  or 
none  at  all,  in  the  limit  of  the  solar  spectrum  as  compared  by  him  with 
the  arc  Boron  has  only  two  strong  lines.  The  lines  of  bismuth  are 
compound  and  too  difRise.  Therefore  even  in  the  case  of  these  fifteen 
elements  there  is  little  evidence  that  they  are  really  absent  from  the 
sun. 

It  follows  that  if  the  whole  earth  were  heated  to  the  temperature  of 
the  sun,  its  spectrum  would  resemble  very  closely  the  solar  spectrum* 

Bowland  has  not  found  any  lines  common  to  several  elements,  and 
in  the  case  of  some  accidental  coincidences,  more  accurate  investiga- 
tion reveals  some  slight  difierence  of  wave-length  or  a  common  im- 
purity. Further,  the  relative  strength  of  the  lines  in  the  solar  spec- 
trum is  generally,  with  a  few  exceptions,  the  same  as  that  in  the  elec- 
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short  period  of  increasiug  temperature,  which  cuhninates  iu  the  white 
stage,  and  a  second  time  during  a  more  prolonged  stage  of  gradual 
cooling.  He  suggested  that  the  two  groups  of  banded  stars  may  cor- 
respond to  these  diflferent  periods,  the  young  stars  being  those  in  which 
the  stronger  edge  of  the  dark  band  is  towards  the  blue,  the  other  banded 
stars,  which  are  relatively  less  luminous  and  few  in  number,  being  those 
which  are  approaching  extinction  through  age. 

Becently  a  similar  evolutional  order  has  been  suggested,  which  is 
based  upon  the  hypothesis  that  the  nebulie  and  stars  consist  of  collid- 
ing meteoric  stones  in  diflferent  stages  of  condensation. 

More  recently  the  view  has  been  put  forward  that  the  diversified 
spectra  of  the  stars  do  not  represent  the  stages  of  an  evolutional 
progress,  but  are  due  for  the  most  part  to  differences  of  original  con- 
stitution. 

The  few  minutes  which  can  be  given  to  this  part  of  the  address  are 
insufi&cient  for  a  discussion  of  these  diflferent  views.  I  pnrx>08e,  there- 
fore, to  state  briefly,  and  with  reserve,  as  the  subject  is  obscure,  some  of 
the  considerations  from  the  characters  of  their  spectra  which  appeared 
to  me  to  be  in  favor  of  the  evolutional  order  in  which  I  arranged  the 
stars  from  their  photographic  spectra  in  1879.  This  order  is  essentially 
the  same  as  Vogel  had  previously  proi)osed  iu  his  classification  of  the 
stars  in  1874,  in  which  the  white  stars,  which  are  most  numerous, 
represent  the  early  adult  and  most  persistent  stage  of  stellar  life;  the 
solar  condition  that  of  fiill  maturity  and  of  commencing  age;  while  in 
the  orange  and  red  stars  with  banded  spectra  we  see  tbe  setting  in  and 
advance  of  old  age.  But  this  statement  must  be  taken  broadly,  and 
not  as  asserting  that  all  stars,  however  diflferent  in  mass  and  possibly 
to  some  small  extent  in  original  constitution,  exhibit  one  invariable  suc- 
cession of  spectra. 

In  the  spectra  of  the  white  stars  the  dark  metallic  lines  are  relatively 
inconspicuous,  and  occasionally  absent,  at  the  same  time  that  the  dark 
lines  of  hydrogen  are  usually  strong,  and  more  or  less  broad,  upon  a 
continuous  spectrum,  whfch  is  remarkable  for  its  brilliancy  at  the  blue 
end.  In  some  of  these  stars  the  hydrogen  and  some  other  lines  are 
bright,  and  sometimes  variable. 

As  the  greater  or  less  prominence  of  the  hydrogen  lines,  dark  or 
bright,  is  characteristic  of  the  white  stars  as  a  class,  and  diminishes 
gradually  with  the  incoming  and  increase  in  strength  of  the  other 
lines,  we  are  probably  justified  in  regarding  it  as  due  to  some  condi- 
tions which  occur  naturally  during  the  progress  of  stellar  life,  and  not 
to  a  i)eculiarity  of  original  constitution. 

To  produce  a  strong  absorption-spectrum  a  substance  must  be  at  the 
particular  temperature  at  which  it  is  notably  absorptive;  and  further, 
this  temperature  must  be  suflSciently  below  that  of  the  region  behind 
firoui  which  the  light  comes  for  the  gas  to  appear,  so  far  as  its  special 
rays  are  concerned,  as  darkness  upon  it.    Considering  the  high  tem- 
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perature  to  which  hydrogen  must  be  raised  before  it  can  show  its  char- 
acteristic emission  and  absorption,  we  shall  probably  be  right  inattriba- 
ting  the  relative  feebleness  or  absence  of  the  other  lines,  not  to  the 
paucity  of  the  metallic  vapors,  but  rather  to  their  being  so  hot  relatively 
to  the  substances  behind  them  as  to  show  feebly,  if  at  all,  by  reversion. 
Such  a  state  of  things  would  more  probably  be  found,  it  seems  to  me, 
in  conditions  anterior  to  the  solar  stage.  A  considerable  cooling  of  the 
sun  would  probably  give  rise  to  banded  spectra  due  to  compounds,  or 
to  more  complex  molecules,  which  might  form  near  the  condensing 
points  of  the  vai>or8. 

The  sun  and  stars  are  generally  regarded  as  consisting  of  glowing 
vapors  surrounded  by  a  photosphere  where  condensation  is  taking 
place,  the  temperature  of  the  photospheric  layer  from  which  the  greater 
part  of  the  radiation  comes  being  constantly  renewed  from  the  hotter 
matter  within. 

At  the  surface  the  convection  currents  would  be  strong,  producing  a 
considerable  commotion,  by  which  the  different  gases  would  be  mixed 
and  not  allowed  to  retain  the  inequality  of  proportions  at  different 
levels  due  to  their  vapor  densities. 

Now  the  conditions  of  the  radiating  photosphere  and  those  of  the 
gases  above  it,  on  which  the  character  of  the  spectrum  of  a  star  depends, 
will  be  determined,  not  alone  by  temi)erature,  but  also  by  the  force  of 
gravity  in  these  regions;  this  force  will  be  fixed  by  the  star's  mass  and 
its  stage  of  condensation,  and  will  become  greater  as  the  star  continues 
to  condense. 

In  the  case  of  the  sun  the  force  of  gravity  has  already  become  so 
great  at  the  surface  that  the  decrease  of  the  density  of  the  gases  must 
be  extremely  rapid,  passing  in  the  space  of  a  few  miles  from  atmos- 
pheric pressure  to  a  density  inftnitesimally  small;  consequently  the 
temperature-gradient  at  the  surface,  if  determined  solely  by  expansion, 
must  be  extremely  rapid.  The  gases  here  however  are  exposed  to  the 
fierce  radiation  of  the  sun,  and  unless  wholly  transparent  would  take 
up  heat,  especially  if  any  solid  or  liquid  particles  were  present  from 
condensation  or  convection  currents. 

From  these  causes,  within  a  very  small  extent  of  space  at  the  surface 
of  the  sun,  all  bodies  with  which  we  are  acquainted  should  fall  to  a  con- 
dition in  which  the  extremely  tenuous  gas  coidd  no  longer  give  a  vis- 
ible spectrum.  The  insignificance  of  the  angle  subtended  by  this  space 
as  seen  from  the  earth  should  cause  the  boundary  of  the  solar  atmos- 
phere to  appear  defined.  If  the  boundary  which  we  see  be  that  of  the 
sun  prox)er,  the  matter  above  it  will  have  to  be  regarded  as  in  an  essen- 
tially dynamical  condition — an  assemblage,  so  to  speak,  of  gaseous  pro- 
jectiles, for  the  most  part  falling  back  upon  the  sun  after  a  greater  or 
less  range  of  fiight.  But  in  any  case  it  is  within  a  space  of  relatively 
small  extent  in  the  sun,  and  probably  in  the  other  solar  stars,  that  the 
H.  Mis.  334,  pt.  1 6 
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reversion  which  is  manifested  by  dark  lines  is  to  be  regarded  as  taking 
place. 

Passing  backward  in  the  stain's  life,  we  should  find  a  gradual  weak- 
ening of  gravity  at  the  surface,  a  reduction  of  the  temperature-gradi- 
ent so  far  as  it  was  determined  by  expansion,  and  convection  currents 
of  less  violence  producing  less  interference  with  the  proportional  quan- 
tities of  gases  due  to  their  vapor  densities,  while  the  effects  of  erup- 
tions would  be  more  extensive. 

At  last  we  might  come  to  a  state  of  things  in  which,  if  the  star  were 
hot  enough,  only  hydrogen  might  be  suflBciently  cool  relatively  to 
the  radiation  behind  to  produce  a  strong  absorption.  The  lower  vapors 
would  be  protected,  and  might  continue  to  be  relatively  too  hot  for 
their  lines  to  appear  very  dark  upon  the  continuous  spectrum;  besides, 
their  lines  might  be  possibly  to  some  extent  effaced  by  the  coming  in 
under  such  conditions  in  tho  vax)ors  themselves  of  a  continuous  spec- 
trum. 

In  such  a  star  the  light  radiated  towards  the  upper  part  ef  the  atmos- 
phere may  have  come  from  portions  lower  down  of  the  atmosphere 
itself,  or  at  least  from  parts  not  greatly  hotter.  There  may  be  no  such 
great  difference  of  temperature  of  the  low  and  less  low  x>ortions  of  the 
star's  atmosphere  as  to  make  the  darkening  effect  of  absorption  of  the 
protected  metallic  vapors  to  prevail  over  the  illuminating  effect  of 
their  emission. 

It  is  only  by  a  vibratory  motion  corresponding  to  a  very  high  tem- 
perature that  the  bright  lines  of  the  first  spectrum  of  hydrogen  can  be 
brought  out,  and  by  the  equivalence  of  absorbing  and  emitting  power 
that  the  corresponding  spectrum  of  absorption  should  be  produced; 
yet  for  a  strong  absorption  to  show  itself,  the  hydrogen  must  be  cool 
relatively  to  the  source  of  radiation  behind  it,  whether  this  be  con- 
densed particles  or  gas.  Such  conditions,  it  seems  to  me,  should  oc- 
cur in  the  earlier  rather  than  in  the  more  advanced  stages  of  conden- 
sation. 

The  subject  is  obscure,  and  we  may  go  wrong  in  our  mode  of  con- 
ceiving of  the  probable  progress  of  events,  but  there  can  be  no  doubt 
that  in  one  remarkable  instance  the  white-star  spectrum  is  associated 
with  an  early  stage  of  condensation. 

Sirius  is  one  of  the  most  conspicuous  examples  of  one  type  of  this 
class  of  stars.  Photometric  observations  combined  with  its  ascertained 
parallax  show  that  this  star  emits  from  forty  to  sixty  times  the  light 
of  our  sun,  even  to  the  eye,  which  is  insensible  to  ultra-violet  light,  in 
which  Sirius  is  very  rich,  while  we  learn  from  the  motion  of  its  com- 
panion that  its  mass  is  not  much  more  than  double  that  of  our  sun. 
It  follows  that,  unless  we  attribute  to  this  star  an  improbably  great 
emissive  power,  it  must  be  of  immense  size,  and  in  a  much  more  diffuse 
and  therefore  an  earlier  condition  than  our  sun;  though  probably  at 
"  ^ter  stage  than  those  white  stars  in  which  the  hydrogen  lines  are 
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A  direct  determinatioii  of  the  relative  temperature  of  the  photo- 
spheres of  the  stars  might  possibly  be  obtained  in  some  cases  from 
the  relative  position  of  maximum  radiation  of  their  continaoas  spectra. 
Langley  has  shown  that  through  the  whole  range  of  temperature  on 
which  we  can  experiment^  and  presumably  at  temperatures  beyond,  the 
maximum  of  radiation  power  in  solid  bodies  gradually  shifts  upwards 
in  the  spectrum  from  the  infra-red  tiirough  the  red  and  orange,  and 
that  in  the  sun  it  has  reached  the  blue. 

The  defined  character,  as  a  rule,  of  the  stellar  lines  of  absorption 
suggests  that  the  vapors  producing  them  do  not  at  the  same  time 
exert  any  strong  power  of  generid  absorption.  Consequently,  we 
should  probably  not  go  far  wrong,  when  the  photosphere  consists  of 
liquid  or  solid  particles,  if  we  could  compare  select  parts  of  the  con- 
tinuous spectrum  between  the  stronger  lines,  or  where  they  are  fewest. 
It  is  obvious  that,  if  extended  portions  of  different  stellar  spectra 
were  compared,  their  true  relation  would  be  obscured  by  the  line- 
absorption. 

The  increase  of  temperature,  as  shown  by  the  rise  in  the  spectrum  of 
the  maximum  of  radiation,  may  not  always  be  accompanied  by  a  cor- 
responding greater  brightness  of  a  star  as  estimated  by  the  eye,  which 
is  an  extremely  imperfect  photometric  instrument.  Not  only  is  the  eye 
blind  to  large  regions  of  radiation,  but  even  for  the  small  range  of  light 
that  we  can  see  the  visual  effect  varies  enormously  with  its  color.  Ac- 
cording toProfc  Langley,  the  same  amount  of  energy  which  just  enables 
us  to  perceive  light  in  the  crimson  at  A  would  in  the  green  produce  a 
visual  effect  100,000  times  greater.  In  the  violet  the  proportional  effect 
would  be  1,600,  in  the  blue  62,000,  in  the  yellow  28,000,  in  the  orange 
14,000,  and  in  the  red  1,200.  Capt.  Abney's  recent  experiments  make  the 
sensitiveness  of  the  eye  for  the  green  near  P  to  be  760  times  greater  than 
for  the  red  about  0.  It  is  for  this  reason,  at  least  in  part,  that  I  suggested 
in  1864,  and  have  since  shown  by  direct  observation,  that  the  spectrum  of 
the  nebula  in  Andromeda,  and  presumably  of  similar  nebulae,  is  in  ap* 
pearance  only  wanting  in  the  red. 

The  stage  at  which  the  maximum  radiation  is  in  the  green,  correspond- 
ing to  the  eye's  greatest  sensitiveness,  would  be  that  in  which  it  could 
be  most  favorably  measured  by  eye  photometry.  As  the  maximum  rose 
into  the  violet  and  beyond,  the  star  would  inci*ease  in  visual  brightness, 
but  not  in  proportion  to  the  increase  of  energy  radiated  by  it. 

The  brightness  of  a  star  would  be  affected  by  the  nature  of  the  sub- 
stance by  which  the  light  was  chiefly  emitted.  In  the  laboratory  solid 
carbon  exhibits  the  highest  emissive  power.  A  stellar  stage  in  which 
nadiation  comes,  to  a  large  extent,  from  a  photosphere  of  the  solid  par- 
ticles of  this  substance  would  be  favorable  for  great  brilliancy.  Though 
the  stars  are  built  up  of  matter  essentially  similar  to  that  of  the  sun,  it 
does  not  follow  that  the  proportion  of  the  different  elements  is  every- 
where the  same.    It  may  be  that  the  substances  condensed  in  the  pho- 

Digitized  by  VjOOQ IC 


84  CELESTIAL  SPECTROSCOPY. 

tospheres  of  different  stars  may  differ  in  their  emissive  powers,  but  prob- 
ably not  to  a  great  extent. 

All  the  heavenly  bodies  are  seen  by  us  through  the  tinted  medium  of 
our  atmosphere.  According  to  Langley  the  solar  stage  of  stars  is  not 
really  yellow,  but,  even  as  gauged  by  our  imperfect  eyes,  would  appear 
bluish-white  if  we  could  free  ourselves  from  the  deceptive  influences  of 
our  surroundings. 

Prom  these  considerations  it  follows  that  we  can  scarcely  infer  the 
evolutional  stages  of  the  stars  from  a  simple  comparison  of  their  eye 
magnitudes.  We  should  expect  the  white  stars  to  be,  as  a  class,  less 
dense  than  the  stars  in  the  solar  stage.  As  great  mass  might  bring  in 
the  solar  type  of  spectrum  at  a  relatively  earlier  time,  some  of  the 
brightest  of  these  stars  may  be  very  massive,  and  brighter  than  the 
sun — for  example,  the  brilliant  star  Arcturus.  For  these  reasons  the 
solar  stars  should  not  only  be  denser  than  the  white  stars,  but  per- 
haps, as  a  class,  surpass  them  in  ma^s  and  eye  brightness. 

It  has  been  shown  by  Lane  that,  so  long  as  a  condensing  gaseous 
mass  remains  subject  to  the  laws  of  a  purely  gaseous  body  its  tempera- 
ture will  continue  to  rise. 

The  greater  or  less  breadth  of  the  lines  of  absorption  of  hydrogen  in 
the  white  stars  may  be  due  to  variations  of  the  depth  of  the  hydrogen 
in  the  line  of  sight,  arising  from  the  causes  which  have  been  discussed. 
At  the  sides  of  the  lines  the  absorption  and  emission  are  feebler  than 
in  the  middle,  and  would  come  out  more  strongly  with  a  greater  thick- 
ness of  gas. 

The  diversities  among  the  white  stars  are  nearly  as  numerous  as  the 
individuals  of  the  class.  Time  does  not  permit  me  to  do  more  than 
to  record  that,  in  addition  to  the  three  sub-classes  into  which  they  have 
been  divided  by  Vogel,  Scheiner  has  recently  investigated  minor  differ- 
ences as  suggested  by  the  character  of  the  third  line  of  hydrogen  near 
G.  He  has  pointed  out,  too,  that  so  far  as  his  observations  go  the 
white  stars  in  the  constellation  of  Orion  stand  alone,  with  the  exception 
of  Algol,  in  possessing  a  dark  line  in  the  blue  which  has  apparently 
the  same  position  as  a  bright  line  in  the  great  nebula  of  the  same  con- 
stellation; and  Pickering  finds  in  his  photographs  of  the  spectra  of 
these  stars  dark  lines  corresponding  to  the  principal  lines  of  the  bright- 
line  stars,  and  the  planetary  nebulag  with  the  exception  of  the  chief 
nebular  line.  The  association  of  white  stars  with  nebular  matter  in 
Orion,  in  the  Pleiades,  in  the  region  of  the  Milky  Way,  and  in  other 
parts  of  the  heavens,  may  be  regarded  as  falling  in  with  the  view  that 
I  have  taken. 

In  the  stars  possibly  farther  removed  from  the  white  class  than  our 

sun,  belonging  to  the  first  division  of  Vogel's  third  class,  which  are 

distinguished  by  absorption  bauds  with  their  stronger  edge  toward 

^he  blue,  the  hydrogen  lines  are  narrower  than  in  the  solar  spectrum. 

n  these  stars  the  density  gradient  is  probably  still  more  rapid,  the 
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depth  of  hydrogen  may  be  less,  and  possibly  the  hydrogen  molecules 
may  be  affected  by  a  larger  number  of  encounters  with  dissimilar  mole- 
cules. In  some  red  stars  with  dark  hydro-carbon  bands,  the  hydrogen 
lines  have  not  been  certainly  observed;  if  they  are  really  absent  it  may 
be  because  the  temperature  has  fallen  below  the  point  at  which  hydrogen 
can  exert  its  characteristic  absorption;  besides,  some  hydrogen  will 
have  united  with  the  carbon.  The  coming  in  of  the  hydro-carbon  bands 
may  indicate  a  later  evolutional  stage,  but  the  temi>erature  may  still 
be  high,  as  acetylene  can  exist  in  the  electric  arc. 

A  number  of  small  stars  more  or  less  similar  to  those  which  are 
known  by  the  names  of  their  discoverers.  Wolf  and  Bayet,  have  been 
found  by  Pickering  in  his  photographs.  These  are  remarkable  for  sev- 
eral brilliant  groups  of  bright  lines,  including  frequently  the  hydrogen 
lines  and  the  line  D3,  upon  a  continuous  spectrum  strong  in  blue  and 
violet  rays,  in  which  are  also  dark  lines  of  absorption.  As  some  of  the 
bright  groups  appear  in  his  photographs  to  agree  in  position  with  cor- 
responding bright  lines  in  the  planetary  nebulae,  Pickering  suggests 
that  these  stars  should  be  placed  in  one  class  with  them,  but  the  bright- 
est nebular  line  is  absent  from  these  stars.  The  simplest  conception  of 
their  nature  would  be  that  each  star  is  surrounded  by  a  nebula,  the 
bright  groups  being  due  to  the  gaseous  matter  outside  the  star.  Mr. 
Roberts  however  has  not  been  able  to  bring  out  any  indication  of 
nebulosity  by  prolonged  exposure.  The  remarkable  star  t}  Argds  may 
belong  to  this  class  of  the  heavenly  bodies. 

Oaseous  Nebulas. — In  the  nebulse  the  elder  Herschel  saw  portions  of 
the  fiery  mist  or  "  shining  fluid  ^  out  of  which  the  heavens  and  the  earth 
had  been  slowly  iashioned.  For  a  time  this  view  of  the  nebulae  gave 
place  to  that  which  regarded  them  as  external  galaxies,  cosmical  '<  sand 
heaps,^  too  remote  to  be  resolved  into  separate  stars ;  though  indeed,  in 
1858,  Mr.  Herbert  Spencer  showed  that  the  observations  of  nebulae  up 
to  that  time  were  really  in  favor  of  an  evolutional  progress. 

In  1864, 1  brought  the  spectroscope  to  bear  upon  them;  the  bright 
lines  which  flashed  upon  the  eye  showed  the  source  of  the  light  to  be 
glowing  gas,  and  so  restored  these  bodies  to  what  is  probably  their 
true  i>lace,  as  an  early  stage  of  sidereal  life. 

At  that  early  time  our  knowledge  of  stellar  spectra  was  small.  For 
this  reason  partly,  and  probably  also  under  the  undue  influence  of  the- 
dogical  opinions  then  widely  prevalent,  I  unwisely  wrote  in  my  orig- 
inal paper  in  1864,  "  that  in  these  objects  we  no  longer  have  to  do  with 
a  special  modification  of  our  own  type  of  sun,  but  find  ourselves  in 
presence  of  objects  possessing  a  distinct  and  peculiar  plan  of  structure." 
Two  years  later,  however,  in  a  lecture  before  this  Association,  I  took  a 
truer  position.  "  Our  views  of  the  universe,"  I  said,  "  are  undergoing 
important  changes;  let  us  wait  for  more  facts,  with  minds  unfettered 
by  any  dogmatic  theory,  and  therefore  free  to  receivie  the  teaching 
whatever  it  may  be,  of  new  observations." 
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Let  US  torn  aside  for  a  moment  from  the  nebnlaB  in  the  sky  to  the 
conclusions  ^to  which  philosophers  had  been  irresistibly  led  by  a  con- 
sideration of  the  features  of  the  solar  system.  We  have  before  us  in 
the  sun  and  planets  obviously  not  a  haphazard  aggregation  of  bodies, 
but  a  system  resting  upon  a  multitude  of  relations  pointing  to  a  com- 
mon physical  cause.  From  these  considerations  Eant  and  Laplace 
formulated  the  nebular  hypothesis,  resting  it  on  gravitation  alone,  for 
at  that  time  the  science  of  the  conservation  of  energy  was  practically 
unknown.  These  philosophers  showed  how,  on  the  supposition  that 
the  space  now  occupied  by  the  solar  system  was  once  filled  by  a  vapor- 
ous mass,  the  formation  of  the  sun  and  planets  could  be  reasonably  ac- 
counted for. 

By  a  totally  different  method  of  reasoning,  modern  science  traces 
the  solar  system  backward  step  by  step  to  a  simlar  state  of  things  at 
the  beginning.  According  to  Helmholtz,  the  sun's  heat  is  maintained 
by  the  contraction  of  his  mass,  at  the  rate  of  about  220  feet  a  year. 
"Whether  at  the  present  time  the  sun  is  getting  hotter  or  colder  we  do 
not  certainly  know.  We  can  reason  back  to  the  time  the  sun  was  suffi- 
ciently expanded  to  fill  the  whole  space  occupied  by  the  solar  system, 
and  was  reduced  to  a  great  glowing  nebula.  Though  man's  life,  the 
life  of  the  race  perhaps,  is  too  short  to  give  us  direct  evidence  of  any 
distinct  stages  of  so  august  a  process,  still  the  probability  is  great  that 
the  nebular  hypothesis,  especially  in  the  more  precise  form  given  to  it 
by  Boche,  does  represent  broadly,  notwithstanding  some  difficulties, 
the  succession  of  events  through  which  the  sun  and  planets  have  passed. 

The  nebular  hypothesis  of  Laplace  requires  a  rotating  mass  of  fluid 
which  at  successive  epochs  became  unstable  from  excess  of  motion,  and 
left  behind  rings,  or  more  probably  perhaps  lumps,  of  matter  from  the 
equatorial  regions. 

The  difficulties  to  which  I  have  referred  have  suggested  to  some 
thinkers  a  different  view  of  things,  according  to  which  it  is  not  neces- 
sary to  suppose  that  one  part  of  the  system  gravitationally  supports 
another.  The  whole  may  consist  of  a  congeries  of  discrete  bodies  even 
if  these  bodies  be  the  ultimate  molecules  of  matter.  The  planets  may 
have  been  formed  by  the  gradual  accretion  of  such  discrete  bodies.  On 
the  view  that  the  material  of  the  condensing  solar  system  consisted  of 
separate  particles  or  masses,  we  have  no  longer  the  fluid  pressure 
which  is  an  essential  part  of  Laplace's  theory.  Faye,  in  his  theory  of 
evolution  from  meteorites,  has  to  throw  over  this  fundamental  idea  of 
the  nebular  hypothesis,  and  he  formulates  instead  a  different  succes- 
sion of  events,  in  which  the  outer  planets  were  formed  last;  a  theory 
which  has  difficulties  of  its  own. 

Prof.  George  Darwin  has  recently  shown,  from  an  investigation  of 
the  mechanical  conditions  of  a  swarm  of  meteorites,  that  on  certain 
assumptions  a  meteoric  swarm  might  behave  as  a  coarse  gas,  and  in 
this  way  bring  back  the  fluid  pressure  exercised  by  one  part  of  the 
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system  on  the  other,  which  is  required  by  Laplace's  theory.  One  chief 
assumption  consists  in  supposing  that  such  inelastic  bodies  as  meteoric 
stones  might  attain  the  eflfective  elasticity  of  a  high  order  which  is 
necessary  to  the  theory  through  the  sudden  volatilization  of  a  part  of 
their  mass  at  an  encounter,  by  which  what  is  virtually  a  violent  explo- 
sive is  introduced  between  the  two  colliding  stones.  Prof.  Darwin  is 
careful  to  point  out  that  it  must  necessarily  be  obscure  as  to  how  a 
small  mass  of  solid  matter  can  take  up  a  very  large  amount  of  energy 
HI  a  small  fraction  of  a  second. 

Any  direct  indications  from  the  heavens  themselves,  however  slight, 
are  of  so  great  value  that  I  should,  perhaps,  in  this  connection  call  at- 
tention to  a  recent  remarkable  photograph,  by  Mr.  Eoberts,  of  the 
great  nebula  in  Andromeda.  On  this  plate  we  seem  to  have  presented 
to  us  some  stage  of  cosmical  evolution  on  a  gigantic  scale.  The  photo- 
graph shows  a  sort  of  whirlpool  disturbance  of  the  luminous  matter 
which  is  distributed  in  a  plane  inclined  to  the  line  of  sight,  in  which  a 
series  of  rings  of  bright  matter  separated  by  dark  spaces,  greatly  fore- 
shortened by  perspective,  surround  a  large,  undefined  central  mass. 
We  are  ignorant  of  the  parallax  of  this  nebula,  but  there  can  be  little 
doubt  that  we  are  looking  upon  a  system  very  remote,  and  therefore  of 
a  magnitude  great  beyond  our  power  of  adequate  comprehension.  The 
matter  of  this  nebula,  in  whatever  state  it  may  be,  appears  to  be  dis- 
tributed, as  in  so  many  other  nebulae,  in  rings  or  spiral  streams,  and  to 
suggest  a  stage  in  a  succession  of  evolutional  events  not  inconsistent 
with  that  which  the  nebular  hypothesis  requires.  To  liken  this  object 
more  directly  to  any  particular  stage  in  the  formation  of  the  solar  sys- 
tem would  be  "  to  compare  things  great  with  small,"  and  might  be  in- 
deed to  introduce  a  false  analogy;  but,  on  the  other  hand,  we  should 
err  through  an  excess  of  caution  if  we  did  not  accept  the  remarkable 
features  brought  to  light  by  this  photograph  as  a  presumptive  indica- 
tion of  a  progress  of  events  in  cosmical  history  following  broadly  upon 
the  lines  of  Laplace's  theory. 

The  old  view  of  the  original  matter  of  the  nebulae,  that  it  consisted 
of  a  "  fiery  mist," 

a  tamnltuotis  cloud 
Instinct  with  fire  and  niter. 

fell  at  once  with  the  rise  of  the  science  of  thermodynamics.  In  1854 
Helmholtz  showed  that  the  supposition  of  an  original  fiery  condition 
of  the  nebulous  stuff  was  unnecessary,  since  in  the  mutual  gravitation 
of  widely  separated  matter  we  have  a  store  of  potential  energy  suffi- 
cient to  generate  the  high  temperature  of  the  sun  and  stars.  We  can 
scarcely  go  wrong  in  attributing  the  light  of  the  nebulj©  to  the  conver- 
sion of  the  gravitational  energy  of  shrinkage  into  molecular  motion. 

The  idea  that  the  light  of  comets  and  of  nebulae  may  be  due  to  a  suc- 
cession of  ignited  flashes  of  gas  from  the  encounters  of  meteoric  stones 
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was  suggests  by  Prof.  Tait,  and  was  brought  to  the  uotice  of  this  As- 
sociation in  1871  by  Sir  William  Thomson  in  his  presidential  address. 

The  spectrum  of  the  bright-line  nebulae  is  certainly  not  such  a  spec- 
trum as  we  should  expect  from  the  flashing  by  collisions  of  meteorites 
similar  to  those  which  have  been  analyzed  in  our  laboratories.  The 
strongest  lines  of  the  substances  which  in  the  case  of  such  meteorites 
would  flrst  show  themselves,  iron,  sodium,  magnesium,  nickel,  etc.,  are 
not  those  which  distinguish  the  nebular  spectrum.  On  the  contrary, 
this  spectrum  is  chiefly  remarkable  for  a  few  brilliant  lines,  very  nar- 
row and  defined,  upon  a  background  of  a  faint  continuous  spectrum, 
which  contains  numerous  bright  lines,  and  probably  some  lines  of  ab- 
sorption. 

The  two  most  conspicuous  lines  have  not  been  interpreted;  for 
though  the  second  line  falls  near,  it  is  not  coincident  with  a  stirong 
double  line  of  iron.  It  is  hardly  necessary  to  say  that  though  the  near 
position  of  the  brightest  line  to  the  bright  double  line  of  nitrogen,  as 
seen  in  a  small  spectroscope  in  1864,  naturally  suggested  at  that  early 
time  the  i>ossibility  of  the  presence  of  this  element  in  the  nebulae,  1 
have  been  careful  to  point  out,  to  prevent  misapprehension,  that  in 
more  recent  years  the  nitrogen  line  and  subsequently  a  lead  line  have 
been  employed  by  me  solely  as  fiducial  x)oints  of  reference  in  the  spec- 
tnim. 

The  third  line  we  know  to  be  the  second  line  of  the  first  spectrum  of 
hydrogen.  Mr.  Keeler  has  seen  the  first  hydrogen  line  in  the  red,  and 
photographs  show  that  this  hydrogen  spectrum  is  probably  present  in 
its  complete  form,  or  nearly  so,  as  we  first  learnt  to  know  it  in  the  ab- 
sorption spectrum  of  the  white  stars. 

We  are  not  surprised  to  find  associated  with  it  the  line  D3,  near  the 
IK)sition  of  the  absent  sodium  lines,  probably  due  to  the  atom  of  some 
unknown  gas,  which  in  the  sun  can  only  show  itself  in  the  outbursts 
of  highest  temperature,  and  for  this  reason  does  not  reveal  itself  by 
absorption  in  the  solar  spectrum. 

It  is  not  unreasonable  to  assume  that  the  two  brightest  lines,  which 
are  of  the  same  order,  are  produced  by  substances  of  a  similar  nature, 
in  which  a  vibratory  motion  corresponding  to  a  very  high  temperature 
is  also  necessary.  These  substances,  as  well  as  that  represented  by 
the  line  D3,  may  be  jMJSsibly  some  of  the  unknown  elements  which  are 
wanting  in  our  terrestrial  chemistry  between  hydrogen  and  lithium, 
unless  indeed  D3  be  on  the  lighter  side  of  hydrogen. 

In  the  laboratory  we  must  have  recourse  to  the  electric  discharge  to 
bring  out  the  spectrum  of  hydrogen  j  but  in  a  vacuum  tube,  though 
the  radiation  may  be  great,  from  the  relative  fewness  of  the  luminous 
atoms  or  molecules  or  from  some  other  cause,  the  temperature  of  the 
gas  as  a  whole  may  be  low. 

On  account  of  the  large  extent  of  the  nebulae,  a  comparatively  smal 
number  of  luminous  molecules  or  atoms  would  probably  be  sufficient 
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to  make  the  nebulae  as  bright  as  tliey  appear  to  us.  Ou  such  an 
assumption  the  average  temperature  may  be  low,  but  the  individual 
particles,  which  by  their  encounters  are  luminous,  must  have  motions 
corresponding  to  a  very  high  temperature,  and  in  this  sense  be 
extremely  hot. 

In  such  diffuse  masses,  from  the  great  mean  length  of  free  path,  the 
encounters  would  be  rare  but  correspondingly  violent,  and  tend  to  bring 
about  vibrations  of  comparatively  short  i)eriod,  as  appears  to  be  the 
case  if  we  may  judge  by  the  great  relative  brightness  of  the  more  refran- 
gible lines  of  the  nebular  spectrum. 

Such  a  view  may,  perhaps,  reconcile  the  high  temperature,  which  the 
nebular  spectrum  undoubtedly  suggests,  with  the  much  lower  mean 
temperature  of  the  gaseous  mass  which  we  should  expect  at  so  early  a 
stage  of  condensation,  unless  we  assume  a  very  enormous  mass,  or  that 
the  matter  coming  together  had  previously  considerable  motion  or  con- 
siderable molecular  agitation. 

The  inquisitiveness  of  the  human  mind  does  not  allow  us  to  remain 
content  with  the  interpretation  of  the  present  stat-e  of  the  cosmical 
masses,  but  suggests  the  question — 

What  Bec'st  thou  else 
lu  the  dark  backward  and  abysm  of  time  f 

What  was  the  original  state  of  things!  how  has  it  come  about  that  by 
the  side  of  aging  worlds  we  have  nebulae  in  a  relatively  younger  stage! 
Have  any  of  them  received  their  birth  from  dark  suns,  which  have  col- 
lided into  new  life,  and  so  belong  to  a  second  or  later  generation  of  the 
heavenly  bodies! 

During  the  short  historic  period,  indeed,  there  is  no  record  of  such  an 
event;  still  it  would  seem  to  be  only  through  the  collision  of  dark  suns, 
of  which  the  number  must  be  increasing,  that  a  temporary  rejuve- 
nescence of  the  heavens  is  possible,  and  by  such  ebbings  and  flowiugs 
of  stellar  life  that  the  inevitable  end  to  which  evolution  in  its  appar- 
ently uncompensated  progress  is  carrying  us  can,  even  for  a  little,  be 
delayed. 

We  can  not  refase  to  admit  as  possible  such  an  origin  for  nebulae. 

In  considering,  however,  the  formation  of  the  existing  nebulae  we 
must  bear  in  mind  that,  in  the  part  of  the  heavens  within  our  ken,  the 
stars  still  in  the  early  and  middle  stages  of  evolution  exceed  greatly  in 
number  those  which  appear  to  be  in  an  advanced  condition  of  condens- 
ation. Indeed,  we  find  some  stars  which  may  be  regarded  as  not  far 
advanced  beyond  the  nebular  condition. 

It  may  be  that  the  cosmical  bodies  which  are  stDl  nebulous  owe  their 
later  development  to  some  conditions  of  the  part  of  space  where  they 
occur,  such  as,  conceivably,  a  greater  original  homogeneity,  in  conse- 
quence of  which  condensation  began  less  early.  In  other  parts  of  space 
condensation  may  have  been  still  further  delayed,  or  even  have  not  yet 
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begun.  It  is  worthy  of  remark  that  these  nebulae  group  themselves 
about  the  Milky  Way,  where  we  find  a  prejionderance  of  the  white-star 
type  of  stars,  and  almost  exclusively  the  bright-line  stars  which  Pick- 
ering associates  with  the  planetary  nebulae.  Further,  Dr.  Gill  con- 
cludes, from  the  rapidity  with  which  they  impress  themselves  upon  the 
plate,  that  the  fainter  stars  of  the  Milky  Way  also,  to  a  large  extent, 
belong  to  this  early  type  of  stars.  At  the  same  time  other  types  of 
stars  occur  also  over  this  region,  and  the  red  hydrocarbon  stars  are 
found  in  certain  parts ;  but  possibly  these  stars  may  be  before  or  behind 
the  Milky  Way,  and  not  physically  connected  with  it. 

If  light  matter  be  suggested  by  the  spectrum  of  these  nebulae,  it 
may  be  asked  further,  as  a  pure  speculation,  whether  in  them  we  are 
witnessing  possibly  a  later  condensation  of  the  light  matter  which  had 
been  left  behind,  at  least  in  a  relatively  greater  proportion,  after  the 
first  growth  of  worlds  into  which  the  heavier  matter  condensed,  though 
not  without  some  entanglement  of  the  lighter  substances.  The  wide 
extent  and  great  diflfuseuess  of  this  bright-line  nebulosity  over  a  large 
part  of  the  constellation  of  Orion  may  be  regarded  perhaps  as  point- 
ing in  this  direction.  The  diffuse  nebulous  matter  streaming  round  the 
Pleiades  may  possibly  be  another  instance,  though  the  character  of  its 
spectrum  has  not  yet  been  ascertained. 

In  the  planetary  nebulae,  as  a  rule,  there  is  a  sensible  increase  of  the 
faint  continuous  spectrum,  as  well  as  a  slight  thickening  of  the  bright 
lines  toward  the  center  of  the  nebula,  appearances  which  are  in  favor 
of  the  view  that  these  bodies  are  condensing  gaseous  masses. 

Prof.  G.  Darwin,  in  his  investigation  of  the  equilibrium  of  a  rotating 
mass  of  fluid,  found,  in  accordance  with  the  independent  researches  of 
Poincar^,  that  when  a  portion  of  the  central  body  becomes  detached 
through  increasing  angular  velocity,  the  portion  should  bear  a  far  larger 
ratio  to  the  remainder  than  is  observed  in  the  planets  and  satellites  of 
the  solar  system,  even  taking  into  account  heterogeneity  from  the  con- 
densation of  the  parent  mass. 

Now  this  state  of  things,  in  which  the  masses  though  not  equal  are 
of  the  same  order,  does  seem  to  prevail  in  many  nebulae,  and  to  have 
given  birth  to  a  large  class  of  binary  stars.  Mr.  See  has  recently  in- 
vestigated the  evolution  of  bodies  of  this  class,  and  points  out  their 
radical  differences  from  the  solar  system  in  the  relatively  large  ma«s- 
ratios  of  the  component  bodies,  as  well  as  in  the  high  eccentricities  of 
their  orbits,  brought  about  by  tidal  friction,  which  would  play  a  more 
important  part  in  the  evolution  of  such  systems. 

Considering  the  large  number  of  these  bodies,  he  suggests  that  the 
solar  system  should  perhaps  no  longer  be  regarded  as  representing 
celestial  evolution  in  its  normal  form — 

A  goodly  Paterne  to  whose  perfect  mould 
Ho  fasbioiied  them    -    -     ^    — 

but  rather  as  modified  by  conditions  which  are  exceptionaL 
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It  may  well  be  that  in  the  very  early  stages  condensing  masses  are 
subject  to  very  different  conditions,  and  that  condensation  may  not  al- 
ways begin  at  one  or  two  centers,  but  sometimes  set  in  at  a  large  num- 
ber of  points,  and  proceed  in  the  diff'erent  cases  along  very  different 
lines  of  evolution. 

Invisible  Motions  revealed  by  the  Spectroscope. — Besides  its  more  direct 
use  in  the  chemical  analysis  of  the  heavenly  bodies,  the  spectroscope 
has  given  to  us  a  great  and  unexpected  power  of  advance  along  the 
lines  of  the  older  astronomy.  In  the  future  a  higher  value  may  indeed 
be  placed  upon  this  indirect  use  of  the  spectroscope  than  upon  its 
chemical  revelations. 

By  no  direct  astronomical  methods  could  motions  of  approach  or  of 
recession  of  the  stars  be  even  detected,  much  less  could  they  be  meas- 
ured. A  body  coming  directly  toward  us  or  going  directly  from  us  ap- 
pears to  stand  still.  In  the  case  of  the  stars  we  can  receive  no  assist- 
ance from  change  of  size  or  of  brightness.  The  stars  show  no  true 
disks  in  our  instruments,  and  the  nearest  of  them  is  so  far  off  that  if  it 
were  approaching  us  at  the  rate  of  a  hundred  miles  in  a  second  of  time, 
a  whole  century  of  such  rapid  approach  would  not  do  more  than  increase 
its  brightness  by  the  one-fortieth  part. 

Still  it  was  only  too  clear  that  so  long  as  we  were  unable  to  ascer- 
tain directly  those  components  of  the  stars'  motions  which  lie  in  the 
line  of  sight,  the  speed  and  direction  of  the  solar  motion  in  space,  and 
many  of  the  great  problems  of  the  constitution  of  the  heavens,  must 
remain  more  or  less  imperfectly  known.  Now  the  spectroscope  has 
placed  in  our  hands  this  power,  which,  though  so  essential,  appeared 
almost  in  the  nature  of  things  to  lie  forever  beyond  our  grasp;  it 
enables  us  to  measure  directly,  and  under  favorable  circumstances  to 
within  a  mile  i)er  second,  or  even  less,  the  speed  of  approach  or  of  re- 
cession of  a  heavenly  body.  This  method  of  observation  has  the  great 
advantage  for  the  astronomer  of  being  independent  of  the  distance  of 
the  moving  body,  and  is  therefore  as  applicable  and  as  certain  in  the 
case  of  a  body  on  the  extreme  confines  of  the  visible  universe  (so  long 
as  it  is  bright  enough),  as  in  the  case  of  a  neighboring  planet. 

Doppler  had  suggested  as  far  back  as  1841,  that  the  same  principle 
on  which  he  had  shown  that  a  sound  should  become  sharper  or  flatter 
if  there  were  an  approach  or  a  recession  between  the  ear  and  the  source 
of  the  sound,  would  apply  equally  to  light;  and  he  went  on  to  say  that 
the  difference  of  color  of  some  of  the  binary  stars  might  be  produced 
in  this  way  by  their  motions.  Doppler  was  right  in  that  the  principle 
is  true  in  the  case  of  light,  but  he  was  wrong  in  the  particular  con- 
clusion which  he  drew  from  it.  Even  if  we  suppose  a  star  to  be  mov- 
ing with  a  sufficiently  enormous  velocity  to  alter  sensibly  its  color  to 
the  eye,  no  such  change  would  actually  be  seen,  for  the  reason  that 
the  store  of  invisible  light  beyond  both  limits  of  the  visible  spectrum, 
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the  blue  and  the  red,  would  be  drawn  upon,  and  light- waves  invisible 
to  us  would  be  exalted  or  degraded  so  as  to  take  the  place  of  those 
raised  or  lowered  in  the  visible  region,  and  the  color  of  the  star  would 
remain  unchanged.  About  eight  years  later,  Fizeau  pointed  out  the 
importance  of  considering  the  individual  wave-lengths  of  which  white 
light  is  composed.  As  soon  however  as  we  had  learned  to  recognize 
the  lines  of  known  substances  in  the  spectra  of  the  heavenly  bodies, 
Doppler's  i>rinciple  became  applicable  tis  the  basis  of  a  new  and  most 
fruitful  method  of  investigation.  The  measurement  of  the  smaU  shift 
of  the  celestial  lines  from  their  true  positions,  as  shown  by  the  same 
lines  in  the  spectrum  of  a  terrestrial  substance,  gives  to  us  the  means 
of  ascertaining  directly  in  miles  per  second  the  speed  of  approach  or 
of  recession  of  the  heavenly  body  from  which  the  light  has  come. 

An  account  of  the  first  application  of  this  method  of  research  to  the 
stars,  which  was  made  in  my  observatory  in  1868,  was  given  by  Sir 
Gabriel  Stokes  from  this  chair  at  the  meeting  at  Exeter  in  1869.  The 
stellar  motions  determined  by  me  were  shortly  after  confirmed  by  Prof. 
Vogel  in  the  case  of  Sirius,  and  in  the  case  of  other  stars  by  Mr. 
Christie,  now  astronomer- royal,  at  Greenwich;  but,  necessarily,  in 
consequence  of  the  inadequacy  of  the  instruments  then  in  use  for  so 
delicate  an  inquiry,  the  amounts  of  these  motions  were  but  approximate. 

The  method  was  shortly  afterwards  taken  up  systematically  at  Green- 
wich and  at  the  Kugby  Observatory.  It  is  to  be  greatly  regretted  that, 
for  some  reasons,  the  results  have  not  been  sufficiently  accordant  and 
accurate  for  a  research  of  such  exceptional  delicacy.  On  this  account 
probably,  as  well  as  that  the  spectroscope  at  tliat  early  time  had 
scarcely  become  a  familiar  instrument  in  the  observatory,  astronomers 
were  slow  in  availing  themselves  of  this  new  and  remarkable  power  of 
investigation.  That  this^  comparative  neglect  of  so  truly  wonderful  a 
method  of  ascertaining  what  was  otherwise  outside  our  iK)wers  of  ob- 
servation has  greatly  retarded  the  progress  of  astronomy  during  the 
last  fifteen  years,  is  but  too  clearly  shown  by  the  brilliant  results  which 
within  the  last  couple  of  years  have  followed  fast  upon  the  recent  mas- 
terly application  of  this  method  by  photography  at  Potsdam,  and  by 
eye  with  the  needful  accuracy  at  the  Lick  Observatory.  At  last  this 
use  of  the  spectroscope  has  taken  its  true  place  as  one  of  the  most 
jmtent  methods  of  astronomical  research.  It  gives  us  the  motions  of 
approach  and  of  recession,  not  in  angular  measures,  which  depend  for 
their  translation  into  actual  velocities  upon  separate  determinations  of 
parallactic  displacements,  but  at  once  in  terrestrial  units  of  distance. 

This  method  of  work  will  doubtless  be  very  prominent  in  the  astron- 
omy of  the  near  future,  and  to  it  probably  we  shall  have  to  look  for  the 
more  important  discoveries  in  sideral  astronomy  which  will  be  made 
during  the  coming  century. 

In  his  recent  application  of  photography  to  this  method  of  determin- 
ing celestial  motions.  Prof.  Vogel,  assisted  by  Dr.  Scheiner,  consider- 
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ing  the  importance  of  obtaining  the  spectmm  of  as  many  stars  as  pos- 
sible on  an  extended  scale  without  an  exposure  inconveniently  long, 
wisely  determined  to  limit  the  part  of  the  spectrum  on  the  plate  to  the 
region  for  which  the  ordinary  silver-bromide  gelatine  plates  are  most 
sensitive, — namely,  to  a  small  distance  on  each  side  of  G, — and  to  em- 
ploy as  the  line  of  comparison  the  hydrogen  line  near  G,  and  recently 
also  certain  lines  of  iron.  The  most  minute  and  complete  mechanical 
arrangements  were  provided  for  the  purpose  of  securing  the  absolute 
rigidity  of  the  comparison  spectrum  relatively  to  that  of  the  star,  and 
for  permitting  temperature  adjustments  and  other  necessary  ones  to  be 
made. 

The  perfection  of  these  spectra  is  shown  by  the  large  number  of  lines, 
no  fewer  that  two  hundred  and  fifty  in  the  case  of  Oapella,  within  the 
small  region  of  the  spectrum  on  the  plate.  Already  the  motions  of 
about  fifty  stars  have  been  measured  with  an  accuracy,  in  the  case  of 
the  larger  number  of  them,  of  about  an  English  mile  per  second. 

At  the  Lick  Observatory  it  has  been  shown  that  observations  can  be 
made  directly  by  eye  with  an  accuracy  equally  great.  Mr.  Keeler's 
brilliant  success  has  followed  in  great  measure  from  the  use  of  the  third 
and  fourth  spectra  of  a  grating  14,438  lines  to  the  inch.  The  marvel- 
lous accuracy  attainable  in  his  hands  on  a  suitable  star  is  shown  by 
observations  on  three  nights  of  the  star  Arcturus,  the  largest  diverg- 
ence of  his  measures  being  not  greater  than  six-tenths  of  a  mile  per 
second,  while  the  mean  of  the  three  nights'  work  agreed  with  the  mean 
of  five  photographic  determinations  of  the  same  star  at  Potsdam  to 
within  one-tenth  of  an  English  mile.  These  are  determinations  of  the 
motions  of  a  sun  so  stupendously  remote  that  even  the  method  of 
parallax  practically  fails  to  fathom  the  depth  of  intervening  space,  and 
by  means  of  light- waves  which  have  been,  according  to  Elkin's  nominal 
parallax,  nearly  two  hundred  years  upon  their  journey. 

Mr.  Keeler,  with  his  magnificent  means,  has  accomplished  a  task 
which  I  attempted  in  vain  in  1874,  with  the  comparatively  poor  appli- 
ances at  my  disposal,  of  measuring  the  motions  in  the  line  of  sight  of  some 
of  the  planetary  nebulie.  As  the  stars  have  considerable  motions  in 
space,  it  was  to  be  expected  that  nebulae  should  possess  similar  motions, 
for  the  stellar  motions  must  have  belonged  to  the  nebulie  out  of  which 
they  have  been  evolved.  My  instrumental  means,  limiting  my  power 
of  detection  to  motions  greater  than  25  miles  per  second,  were  insuffi- 
cient. Mr.  Keeler  has  found  in  the  examination  of  ten  nebul®  motions 
varying  from  2  miles  to  27  miles,  with  one  exceptional  motion  of  nearly 
40  miles. 

For  the  nebula  of  Orion,  Mr.  Keeler  finds  a  motion  of  recession  of 
about  10  miles  a  second.  Now,  this  motion  agrees  closely  with  what  it 
should  appear  to  have  from  the  drift  of  the  solar  system  itself,  so  far 
as  it  has  been  possible  at  present  to  ascertain  the  probable  velocity  of 
the  sun  in  space.    This  grand  nebula,  of  vast  extent  and  of  extreme 
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tenuity,  is  pobably  more  nearly  at  rest  relatively  to  the  stars  of  onr 
system  than  any  other  celestial  object  we  know;  still  it  would  seem 
more  likely  that  even  here  we  have  some  motion,  small  though  it  may 
be,  than  that  the  motions  of  the  matter  of  which  it  is  formed  were  so 
absolutely  balanced  as  to  leave  this  nebula  in  the  unique  x>ositiou  of 
absolute  immobility  in  the  midst  of  whirling  and  drifting  suns  and  sys- 
tems of  suns. 

The  spectroscopic  method  of  determining  celestial  motions  in  the  line 
of  sight  has  recently  become  firuitfid  in  a  new  but  not  altogether  unfore- 
seen direction,  for  it  has,  so  to  sx>eak,  given  us  a  separating  power  far 
beyond  that  of  any  telescope  the  glassmaker  and  the  optician  could 
construct,  and  so  enabled  us  to  penetrate  into  mysteries  hidden  in  stars 
apparently  single,  and  altogether  unsuspected  of  being  binary  systems. 
The  spectroscope  has  not  simply  added  to  the  list  of  the  known  binary 
stars,  but  has  given  to  us  for  the  first  time  a  knowledge  of  a  new  class 
of  stellar  systems,  in  which  the  comiwnents  are  in  some  cases  of  nearly 
equal  magnitude,  and  in  close  proximity,  and  are  revolving  with  veloci. 
ties  greatly  exceeding  the  planetary  velocities  of  our  system. 

The  K  line  in  the  photographs  of  Mizar,  taken  at  tiie  Harvard  Col- 
lege Observatory,  was  found  to  be  double  at  intervals  of  fifty- two  days. 
The  spectrum  wad  therefore  not  due  to  a  single  source  of  light,  but  to 
the  combined  effect  of  two  stars  moving  i>eriodically  in  opposite  direc- 
tions in  the  line  of  sight.  It  is  obvious  that  if  two  stars  revolve  round 
their  common  centre  of  gravity  in  a  plane  not  perpendicular  to  the  line 
of  sight,  all  the  lines  in  a  spectrum  common  to  the  two  stars  will  appear 
alternately  single  or  double. 

In  the  case  of  Mizar  and  the  other  stars  to  be  mentioned,  the  spec- 
troscopic observations  are  not  as  yet  extended  enough  to  furnish  more 
than  an  approximate  determination  of  the  elements  of  their  orbits. 

Mixar  especially,  on  account  of  its  relatively  long  i)eriod — about 
one  hundred  and  Ave  days — needs  fiirther  observations.  The  two  stars 
are  moving  each  with  a  velocity  of  about  50  miles  a  second,  probably  in 
elliptical  orbits,  and  are  about  143,000,000  miles  apart  The  stars,  of 
about  equal  brightness,  have  together  a  mass  about  forty  times  as  great 
as  that  of  our  sun. 

A  similar  doubling  of  the  lines  showed  itself  in  the  Harvard  photo- 
graphs of  /a  Auriga^  at  the  remarkably  close  interval  of  almost  exactly 
two  days,  indicating  a  period  of  revolution  of  about  four  days.  Accord- 
ing to  YogeFs  later  observations,  each  stm*  has  a  velocity  of  nearly  70 
miles  a  second,  the  distance  between  the  stars  being  little  more  than 
7,500,000  mile^N  and  the  mass  of  the  system  4.7  times  that  of  the  sun. 
The  sj-stem  is  approaching  us  at  the  speed  of  about  16  miles  a  second. 

The  telescope  could  never  have  reveale<l  to  us  double  stars  of  this 
order.  In  the  case  of  fi  Auriga?,  combining  Vogel's  distance  with 
Pritchard'*s  recent  determination  of  the  star's  parallax,  the  greatest 
Migular  septtratkm  of  the  stars  as  seen  from  the  earth  would  be  one 
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two-hundredth  part  of  a  second  of  arc,  and  therefore  very  far  too  small 
for  the  highest  lowers  of  the  largest  telescopes.  If  we  take  the  rela- 
tion of  aperture  to  separating  power  usually  accepted,  an  object  glass 
of  about  80  feet  in  diameter  would  be  needed  to  resolve  this  binary  star. 
The  8pectroscoi)e,  which  takes  no  note  of  distance,  magnifies,  so  to 
sx)eak,  this  minute  angular  sepai*ation  4,000  times;  in  other  words,  the 
doubluig  of  the  lines,  which  is  the  phenomenon  that  we  have  to  observe, 
amounts  to  the  easily  measurable  quantity  of  20  seconds  of  arc. 

There  were  known,  indeed,  variable  stars  of  short  period,  which  it 
had  been  suggested  might  be  explained  on  the  hypothesis  of  a  dark 
body  revolving  about  a  bright  sun  in  a  few  days,  but  this  theory  was 
met  by  the  objection  that  no  such  systems  of  closely  revolving  suns 
were  known  to  exist. 

The  Harvard  photographs  of  which  we  have  been  speaking  were 
taken  with  a  slitless  form  of  spectroscope,  the  prisms  being  placed,  as 
originally  by  Fraunhofer,  before  the  object  glass  of  the  telescope.  This 
method,  though  it  possesses  some  advantages,  has  the  serious  draw- 
back of  not  i)ermitting  a  direct  comparison  of  the  star's  spectrum  with 
terrestrial  spectra.  It  is  obviously  unsuited  to  a  variable  star  like 
Algol,  where  one  star  only  is  bright,  for  in  such  a  case  there  would  be 
no  doubling  of  the  lines,  but  only  a  small  shift  to  and  fro  of  the  lines 
of  the  bright  star  as  it  moved  in  its  orbit  alternately  toward  and  from 
our  system,  which  would  need  for  its  detection  the  fiducial  positions  of 
terrestrial  lines  compared  directly  with  them. 

For  such  observations  the  Potsdam  spectograph  was  well  adapted. 
Prof.  Vogel  found  that  the  bright  star  of  Algol  did  pulsate  backwards 
and  forwards  in  the  visual  direction  in  a  period  corresponding  to  the 
known  variation  of  its  light.  The  explanation  which  had^been  sug- 
gested for  the  star's  variability,  that  it  was  partially  eclipsed  at  regu- 
lar intervals  of  68.8  hours  by  a  dark  companion  large  enough  to  cut  oflf 
nearly  five-sixths  of  its  light,  was  therefore  the  true  one.  The  dark 
cx)mpanion,  no  longer  able  to  hide  itself  by  its  obscureness,  was  brought 
out  into  the  light  of  direct  observations  by  means  of  its  gravitational 
effects. 

Seventeen  hours  before  minimum,  Algol  is  receding  at  the  rate  of 
about  2^  miles  a  second,  while  seventeen  hours  after  minimum  it  is 
found  to  be  approaching  with  a  speed  of  about  28^  miles.  From  these 
data,  together  with  those  of  the  variation  of  its  light,  Vogel  found,  on 
the  assumption  that  both  stars  have  the  same  density,  that  the  com- 
panion, nearly  as  large  as  the  sun,  but  with  about  one-fourth  his  mass, 
revolves  with  a  velocity  of  about  55  miles  a  second.  The  bright  star, 
of  about  twice  the  size  and  mass,  moves  about  the  common  center  of 
gravity  with  the  speed  of  about  26  miles  a  second.  The  system  of  the 
two  stars,  which  are  about  3,250,000  of  miles  apart,  considered  as  a 
whole,  is  approaching  us  with  a  velocity  of  2.4  miles  a  second.  The 
great  difference  in  luminosity  of  the  two  stars,  not  less  than  fifty  times, 
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saggests  rather  that  they  are  in  different  stages  of  condensation,  and 
dissimilar  in  density. 

It  is  obvious  that  if  the  orbit  of  a  star  with  an  obscure  companion  is 
inclined  to  the  line  of  sight,  the  companion  will  pass  above  or  below 
the  bright  star,  and  produce  no  variation  of  its  light.  Such  systems 
may  be  numerous  in  the  heavens.  In  YogePs  photographs,  Spica,  which 
is  not  variable,  by  a  small  shifting  of  its  lines  reveals  a  backward  and 
forward  periodical  pulsation  due  to  orbital  motion.  As  the  pair  whirl 
round  their  common  center  of  gravity,  the  bright  star  is  sometimes  ad- 
vancing, at  others  receding.  They  revolve  in  about  four  days,  each 
star  moving  with  a  velocity  of  about  56  miles  a  second  in  an  orbit  prob- 
ably nearly  circular,  and  i)osses8  a  combined  mass  of  rather  more  than 
two  and  a  half  times  that  of  the  sun.  Taking  the  most  probable  value 
for  the  star's  parallax,  the  greatest  angular  separation  of  the  stars 
would  be  far  too  small  to  be  detected  with  the  most  powerful  telescopes. 

If  in  a  close  double  star  the  fainter  companion  is  of  the  white-star 
type,  while  the  bright  star  is  solar  in  character,  the  composite  spectrum 
would  be  solar  with  the  hydrogen  lines  unusually  strong.  Such  a  spec- 
trum would  in  itself  afford  some  probability  of  a  double  origin,  and 
suggest  the  existence  of  a  companion  star. 

In  the  case  of  a  true  binary  star  the  orbital  motions  of  the  pair  would 
reveal  themselves  in  a  small  periodical  swaying  of  the  hydrogen  lines 
relatively  to  the  solar  ones. 

Prof.  Pickering  considers  that  his  photographs  show  ten  stars  with 
composite  spectra;  of  these,  five  are  known  to  be  double.  The  others 
are:  r  Persei,  C  Aurigae,  d  Sagittarii, 31  Ceti,  and  /?  Gapricorni.  Per- 
haps /?  Lyrae  should  be  added  to  this  list. 

In  his  recent  classical  work  on  the  rotation  of  the  sun,Dun^r  has  not 
only  determined  the  solar  rotation  for  the  equator  but  for  different  par- 
allels of  latitude  up  to  75^.  The  close  accordance  of  his  results  shows 
that  these  observations  are  suflaciently  accurate  to  be  discussed  with 
the  variation  of  the  solar  rotation  for  different  latitudes  which  had 
been  determined  by  the  older  astronomical  methods  from  the  observa- 
tions of  the  solar  sx>ots. 

Spectroscopic  Photography. — ^Though  I  have  already  spoken  inci- 
dentally of  the  invaluable  aid  which  is  ftirnished  by  photography  in 
some  of  the  applications  of  the  spectroscope  to  the  heavenly  bodies, 
the  new  power  which  modern  photography  has  put  into  the  hands  of 
the  astronomer  is  so  great,  and  has  led  aheady,  within  the  last  few 
years,  to  new  acquisitions  of  knowledge  of  such  vast  importance,  that 
it  is  fitting  that  a  few  sentences  should  be  specially  devoted  to  this 
subject. 

Photography  is  no  new  discovery,  being  about  half  a  century  old;  it 

may  excite  surprise,  and  indeed  possibly  suggest  some  apathy  on  the 

part  of  astronomers,  though  the  suggestion  of  the  application  of  pho- 

^jbjr  to  the  heavenly  bodies  dates  from  the  memorable  occasion 
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when,  in  1839,  Arago,annomicing  ti)tbe  Acad^miede  Sciences thegreat 
discovery  of  Niepce  and  Daguerre,  spoke  of  the  possibility  of  taking 
pictures  of  the  sun  and  moon  by  the  new  process,  yet  that  it  is  only 
within  a  few  years  that  notable  advances  in  astronomical  methods  and 
discovery  have  been  made  by  its  aid. 

The  explanation  is  to  be  found  in  the  comparative  unsuitability  of 
the  earlier  photographic  methods  for  use  in  the  observatory.  In  jus- 
tice to  the  earlier  workers  in  astronomical  photography,  among  whom 
Bond,  De  la  Rue,  J.  W.  Draper,  Rutherfurd,  Gould,  hold  a  foremost 
place,  it  is  needful  to  state  clearly  that  the  recent  great  successes  in 
astronomical  photography  are  not  due  to  greater  skill,  nor,  to  any  great 
extent,  to  superior  instruments,  but  to  the  very  great  advantages  which 
the  modern  gelatin  dry  plate  possesses  for  use  in  the  observatory  over 
the  methods  of  Daguerre,  and  even  over  the  wet  collodion  film  on  glass, 
which,  though  a  great  advance  on  the  silver  plate,  went  but  a  little 
way  towards  putting  into  the  hands  of  the  astronomer  a  photograhic 
surtace  adapted  fully  to  his  wants. 

The  modem  silver-bromide  gelatine  plate,  except  for  its  grained  tex- 
ture, meets  the  needs  of  the  astronomer  at  all  points.  It  possesses  extreme 
sensitiveness;  it  is  always  ready  for  use;  it  can  be  placed  in  any  posi- 
tion; it  can  be  exx)osed  for  hours;  lastly,  it  does  not  need  immediate 
development,  and  for  this  reason  can  be  exposed  again  to  the  same 
object  on  succeeding  nights,  so  as  to  make  up  by  several  installments, 
as  the  weather  may  permit,  the  total  time  of  exposure  which  is  deemed 
necessary. 

Without  the  assistance  of  photography,  however  greatly  the  resources 
of  genius  might  overcome  the  optical  and  mechanical  difficulties  of 
constructing  large  telescopes,  the  astronomer  would  have  to  depend  in 
the  last  resource  upon  his  eye.  Now  we  can  not  by  the  force  of  con- 
tinued looking  bring  into  view  an  object  too  feebly  luminous  to  be  seen 
at  the  first  and  keenest  moment  of  vision.  But  the  feeblest  light 
which  falls  upon  the  plate  is  "hot  lost,  but  is  taken  in  and  stored  up 
continuously.  Ea^h  hour  the  plat«  gathers  up  .3,600  times  the  light- 
energy  which  it  received  during  the  first  second.  It  is  by  this  power 
of  accumulation  that  the  photographic  plate  may  be  said  to  increase, 
almost  without  limit,  thcmgh  not  in  separating  power,  the  optical 
means  at  the  disposal  of  the  astronomer  for  the  discovery  or  the  obser- 
VRtion  of  faint  objects. 

Two  principal  directions  may  be  pointed  out  in  which  photography 
is  of  great  service  to  the  astronomer.  It  enables  him  within  the  com- 
paratively short  time  of  a  single  exposure  to  secure  permanently  with 
great  exactness  the  relative  positions  of  hundreds  or  even  of  thousands 
of  stars,  or  the  minute  features  of  nebulae  or  other  objects,  or  the  phe- 
nomena of  a  passing  eclipse,  a  task  which  by  means  of  the  eye  and 
hand  could  only  be  accomplished,  if  done  at  all,  after  a  very  great  ex- 
penditure of  time  and  labor.    Photography  puts  it  in  the  power  of  the 
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astronomer  to  accomplish  in  tbe  short  span  of  his  own  life,  and  so 
enter  into  their  fruition,  great  works  which  otherwise  mast  have  been 
passed  on  by  him  as  a  heritage  of  labor  to  succeeding  generations. 

The  second  great  service  which  photography  renders  is  not  simply 
an  aid  to  the  powers  the  astronomer  already  possesses.  On  the  con- 
trary, the  plate,  by  recording  light-waves  which  are  both  too  small 
and  too  large  to  excite  vision  in  the  eye,  brings  him  into  a  new  region 
of  knowledge,  such  as  the  infra-red  and  the  ultra-violet  parts  of  the 
spectrum,  which  must  have  remained  forever  unknown  but  for  artificial 
help. 

The  present  year  will  be  memorable  in  astronomical  history  for  the 
practical  beginning  of  the  Photogra]>hic  Chart  and  Catalogue  of  the 
Heavens,  which  took  their  origin  in  an  international  conference  which 
met  in  Paris  in  1887,  by  the  invitation  of  M.  I'Amiral  Mouchez,  director 
of  the  Paris  Observatory. 

The  richness  in  stars  down  to  the  ninth  magnitude  of  the  photo- 
graphs of  the  comet  of  1882  taken  at  the  Cape  Observatory  under  the 
superintendence  of  Dr.  Gill,  and  the  remarkable  star  charts  of  the 
Brothers  Henry  which  followed  two  years  later,  astonished  the  astro- 
nomical world.  The  great  excellence  of  these  photographs,  which  was 
due  mainly  to  the  superiority  of  the  gelatine  plate,  suggested  to  these 
astronomers  a  complete  map  of  the  sky,  and  a  little  later  gave  birth 
in  the  minds  of  the  Paris  astronomers  to  the  grand  enteri)rise  of  an 
International  Chart  of  the  Heavens.  The  actual  beginning  of  the 
work  this  year  is  in  no  small  degree  due  to  the  great  energy  and  tact 
with  which  the  director  of  the  Paris  Observatory  has  conducted  the 
initial  steps,  through  the  many  delicate  and  difiicult  questions  which 
have  unavoidably  presented  themselves  in  an  undertaking  which  de- 
pends upon  the  harmonious  working  in  common  of  many  nationalities^ 
and  of  no  fewer  than  eighteen  observatories  in  all  parts  of  the  world. 
The  three  years  since  1887  have  not  been  too  long  for  the  detailed  or- 
ganization of  this  work,  which  has  called  for  several  elaborate  prelim- 
inary investigations  on  special  points  in  which  our  knowledge  was  in- 
sufficient, and  which  have  been  ably  carried  out  by  Profe.  Vogel  and 
Bakhuyzen,  Dr.  Tripled,  Dr.  Scheiner,  Dr.  GiU,  the  astronomer-royal^ 
and  others.  Time  also  was  required  for  the  construction  of  the  new 
and  special  instruments. 

The  decisions  of  the  conference  in  their  final  form  provide  for  the 
construction  of  a  great  photographic  chart  of  the  heavens  with  exx)o- 
sures  corresponding  to  forty  minutes'  exposure  at  Paris,  which  it  is 
exp  cted  will  reach  down  to  stars  of  about  the  fourteenth  magnitude. 
As  each  plate  is  to  be  limited  to  4  square  degrees,  and  as  each  star,  to 
avoid  possible  errors,  is  to  appear  on  two  plates,  over  22,000  photo- 
graphs will  be  required.  For  the  more  accurate  determination  of  the 
positions  of  the  stars,  a  riseau  with  lines  at  distances  of  6  millimeters 
apart  is  to  be  previously  impressed  by  a  faint  light  upon  th^  plate,  so 
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that  the  image  of  the  rSaeau  will  appear  together  with  the  images  of 
the  stars  when  the  plate  is  developed.  This  great  work  will  be  divided 
according  to  their  latitudes  among  eighteen  observatories  provided 
with  similar  instruments,  though  not  necessarily  constructed  by  the 
same  maker.  Those  in  the  British  dominions  and  at  Tacubaya  have 
been  constructed  by  Sir  Howard  Grubb. 

Besides  the  plates  to  form  the  great  chart,  a  second  set  of  plates  for 
a  catalogue  is  to  be  taken  with  a  shorter  exposure,  which  will  give 
stars  to  the  eleventh  magnitude  only.  These  plates,  by  a  recent  de- 
cision of  the  permanent  committee,  are  to  be  pushed  on  as  accurately 
as  XK>s8ible,  though  as  far  as  may  be  practicable  plates  for  the  chart 
are  to  be  taken  concurrently.  Photographing  the  plates  for  the  cata- 
logue is  but  the  first  step  in  this  work,  and  only  supplies  the  data  for 
the  elaborate  measurements  which  have  to  be  made,  which  are  how- 
ever less  laborious  than  would  be  required  for  a  similar  catalogue  with- 
out the  aid  of  photography. 

Already  Dr.  Gill  has  nearly  brought  to  conclusion,  with  the  assist- 
ance of  Prof.  Kapteyn,  a  preliminary  photograhic  survey  of  the  south- 
em  heavens. 

With  an  exposure  sufficiently  long  for  the  faintest  stars  to  impress 
themselves  upon  the  plate,  the  accumulating  action  still  goes  on  for 
the  brighter  stars,  producing  a  great  enlargement  of  their  images  from 
optical  and  photographic  causes.  The  question  has  occupied  the  atten- 
tion of  many  astronomers,  whether  it  is  x>ossible  to  find  a  law  connect- 
ing the  diameters  of  these  more  or  less  over-exposed  images  with  the 
relative  brightness  of  the  stars  themselves.  The  answer  will  come  out 
undoubted  in  the  affirmative,  though  at  present  the  empirical  formulae 
which  have  been  suggested  for  this  purpose  differ  from  each  other. 
Gapt.  Abney  proposes  to  measure  the  total  photographic  action,  in- 
cluding density  as  well  as  size,  by  the  obstruction  which  the  stellar 
image  offers  to  light. 

A  frirther  question  follows  as  to  the  relation  which  the  photographic 
magnitudes  of  stars  bear  to  those  determined  by  eye.  Visual  magni- 
tudes are  the  physiological  expression  of  the  eye's  integration  of  that 
part  of  the  star's  light  which  extends  from  the  red  to  the  blue.  Photo- 
graphic magnitudes  represent  the  plate's  integration  of  another  part  of 
the  star's  light,  namely,  from  a  little  below  where  the  power  of  the  eye 
leaves  off  in  the  blue  to  where  the  light  is  cut  off  by  the  glass,  or  is 
greatly  reduced  by  want  of  proper  corrections  when  a  refracting  tele- 
scope is  used.  It  is  obvious  that  the  two  records  are  taken  by  different 
methods  in  dissimilar  units  of  dift'erent  parts  of  the  star's  light.  In  the 
case  of  certain  colored  stars  the  photographic  brightness  is  very  differ- 
ent from  the  visual  brightness;  but  in  all  stars,  changes,  especially  of 
a  temporary  char.acter,  may  occur  in  the  photographic  or  the  visual 
region,  unaccompanied  by  a  similar  change  in  the  other  part  of  the 
spectrum.    For  these  reasons  it  would  seem  desirable  that  the  two  sets 
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of  magnitudes  should  be  tabulated  independently,  and  be  regarded  as 
supplementary  of  each  other. 

The  determination  of  the  distances  of  the  fixed  stars  from  the  small 
apparent  shift  of  their  positions^  when  viewed  from  widely  separated 
positions  of  the  earth  in  its  orbit,  is  one  of  the  most  refined  operations 
of  the  observatory.  The  great  precision  with  which  this  minute  angu- 
lar quantity — a  fraction  of  a  second  only — ^has  to  be  measured,  is  so 
delicate  an  operation  with  the  ordinary  micrometer,  though,  indeed,  it 
was  with  this  instrument  that  the  classical  observations  of  Sir  Robert 
Ball  were  made,  that  a  special  instrument,  in  which  the  measures  are 
made  by  moving  the  two  halves  of  a  divided  object  glass,  known  as  a 
heliometer,  has  been  pressed  into  this  service,  and  quite  recently,  in 
the  skillfril  hands  of  Dr.  Gill  and  Dr.  Blkin,  has  largely  increased  our 
knowledge  in  this  direction. 

It  is  obvious  that  photography  might  be  here  of  great  service,  if  we 
could  rely  upon  measurements  of  photographs  of  the  same  stars  taken 
at  suitable  intervals  of  time.  Prof.  Pritchard,  to  whom  is  due  the 
honor  of  having  opened  this  new  path,  aided  by  his  assistants,  has 
proved  by  elaborate  investigations  that  measures  for  parallax  may  be 
safely  made  upon  photographic  plates,  with,  of  course,  the  advantages 
of  leisure  and  repetition ;  and  he  has  already  by  this  method  determined 
the  parallax  for  twenty-one  stars  with  an  accuracy  not  infenor  to  that 
of  values  previously  obtained  by  purely  astronomical  methods. 

The  remarkable  successes  of  astronomical  photography,  which  de- 
pend upon  the  plate's  power  of  accumulation  of  a  very  feeble  light  act- 
ing continuously  through  an  exposure  of  several  hours,  are  worthy  to  be 
regarded  as  a  new  revelation.  The  first  chapter  opened  when,  in  1880, 
Dr.  Henry  Draper  obtained  a  picture  of  the  nebula  of  Orion ;  but  a 
more  important  advance  was  made  in  1883,  when  Dr.  Common,  by  his 
photographs,  brought  to  our  knowledge  details  and  extensions  of  this 
nebula,  hitherto  unknown.  A  further  disclosure  took  place  in  1885, 
when  the  brothers  Henry  showed  for  the  first  time  in  great  detail  the 
spiral  nebulosity  issuing  from  the  bright  star  Maia  of  the  Pleiades,  and 
shortly  afterwards  nebulous  streams  about  the  other  stars  of  this  gi-oup. 
In  1886  Mr.  Roberts,  by  means  of  a  photograph  to  which  three  hours' 
exposure  had  been  given,  showed  the  whole  background  of  this  group 
to  be  nebulous.  In  the  following  year  Mr.  Roberts  more  than  doubled 
for  us  the  great  extension  of  the  nebular  region  which  surrounds  the 
trapezium  in  the  constellation  of  Orion.  By  his  photographs  of  the 
great  nebula  in  Andromeda  he  has  shown  the  true  significance  of  the 
dark  canals  which  had  been  seen  by  the  eye.  They  are  in  reality 
spaces  between  successive  rings  of  bright  matter,  which  appeared 
nearly  straight  owing  to  the  inclination  in  which  they  lie  relatively  to 
us.  These  bright  rings  surround  an  undefined  central  luminous  mass. 
I  have  already  spoken  of  this  photograph. 

Some  recent  photographs  by  Mr,  Russell  show  that  the  great  rift  in 
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the  Milky  Way  in  Argus,  which  to  the  eye  is  void  of  stars,  is  in  reality 
uniformily  covered  with  them.  Also,  quite  recently,  Mr.  George  Hale 
has  photographed  the  prominences  by  means  of  a  grating,  making  use 
of  the  lines  fl  and  E. 

Stellar  distrihutions, — The  heavens  are  richly  but  very  irregularly 
inwrought  with  stars,  the  brighter  stars  cluster  into  well-known  groups 
upon  a  background  formed  of  an  enlacement  of  streams  and  convoluted 
windings  and  intertwined  spirals  of  fainter  stars,  which  becomes  richer 
and  more  intricate  in  the  irregular  rifted  zone  of  the  Milky  Way. 

We,  who  form  part  of  the  emblazonry,  can  only  see  the  design  dis- 
torted and  confused;  here  crowded,  there  scattered,  at  another  place 
8U[)erposed.  The  groupings  due  to  our  position  are  mixed  up  with 
those  which  are  real. 

Can  we  suppose  that  each  luminous  point  has  no  relation  to  the  others 
near  it  than  the  accidental  neighborship  of  grains  of  sand  upon  the 
shore,  or  of  particles  of  the  wind-blown  dust  of  the  desert!  Surely 
every  star,  from  Sirius  and  Vega  down  to  each  grain  of  the  light  dust 
of  the  Milky  Way,  has  its  present  place  in  the  heavenly  pattern  from 
the  slow  evolving  of  its  past.  We  see  a  system  of  systems,  for  the 
broad  features  of  clusters  and  streams  and  spiral  windings  which  mark 
the  general  design  are  re- produced  in  every  part.  The  whole  is  in  motion, 
each  i>oint  shifting  its  position  by  miles  every  second,  though  from  the 
august  magnitude  of  their  distances  from  us  and  from  each  other,  it  is 
only  by  the  accumulated  movements  of  years  or  of  generations  that 
some  small  changes  of  relative  position  reveal  themselves. 

The  deciphering  of  this  wonderfully  intricate  constitution  of  the 
heavens  will  be  undoubtedly  one  of  the  chief  astronomical  works  of 
the  coming  century.  The  primary  task  of  the  sun's  motion  in  space, 
together  with  the  motions  of  the  brighter  stars,  has  been  already  put 
well  within  our  reach  by  the  spectroscopic  method  of  the  measurement 
of  star  motions  in  the  line  of  sight. 

From  other  directions  information  is  accumulating;  from  photo- 
graphs of  clusters  and  parts  of  the  Milky  Way,  by  Eoberts,  in  this 
country,  Barnard,  at  the  Lick  Observatory,  and  Kussell,  at  Sydney; 
from  the  counting  of  stars,  and  the  detection  of  their  configurations 
by  Holden  and  by  Backhouse;  from  the  mapping  of  the  Milky  Way  by 
eye,  at  Parsonstown ;  from  photographs  of  the  spectra  of  stars,  by  Pick- 
ering at  Harvard  and  in  Peru,  and  from  the  exact  portraiture  of  the 
heavens  in  the  great  international  star  chart  which  begins  this  year. 

I  have  but  touched  some  only  of  the  problems  of  the  newer  side  of 
astronomy.    There  are  many  others  which  would  claim  our  attention  if 
time  permitted.    The  researches  of  the  Earl  of  Eosse  on  lunar  radia- 
tion, and  the  work  on  the  same  subject  and  on  the  sun,  by  Langley. 
Observations  of  lunar  heat  with  an  instrument  of  his  own  invention 
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by  Mr.  Boys;  atid  observationB  of  the  variation  of  the  nioon^s  heat 
with  its  phase  by  Mr.  Frank  Very.  The  discovery  of  the  ultra-violet 
part  of  the  hydrogen  spectrum,  not  in  the  laboratory,  but  fix)m  the 
stars.  The  confirmation  of  this  spectrum  by  terrestrial  hydrogen  in 
part  by  H.  W.  Vogel,  and  in  its  all  but  complete  form  by  Comu,  who 
found  similar  series  in  the  ultra-violet  spectra  of  aluminium  and  thal- 
lium. The  discovery  of  a  simple  formula  for  the  hydrogen  series  by 
Balmer.  The  important  question  as  to  the  numerical  spectral  relation- 
ship of  different  substances,  especially  in  connection  with  their  chem- 
ical properties  J  and  the  further  question  as  to  the  origin  of  the  har- 
monic and  other  relations  between  the  lines  and  the  groupings  of  lines 
of  spectra;  on  these  points  contributions  during  the  past  year  have 
been  made  by  Rudolf  v.  Kovesligethy,  Ames,  Hartley,  Deslandres, 
Eydberg,  Griinwald,  Kayser  and  Eunge,  Johnstone  Stoney,  and  others. 
The  remarkable  employment  of  interference  phenomena  by  Prof.  Mich- 
elson  for  the  determination  of  the  size,  and  distribution  of  light  within 
them,  of  the  images  of  objects  which  when  viewed  in  a  telescope  sub- 
tend an  angle  less  than  that  subtended  by  the  light  wave  at  a  distance 
equal  to  the  diameter  of  the  objective.  A  method  applicable  not  alone 
to  celestial  objects,  biffc  also  to  spectral  lines,  and  other  questions  of 
molecular  physics. 

Along  the  older  lines  there  has  not  been  less  activity;  by  newer 
methods,  by  the  aid  of  larger  or  more  accurately  constructed  instru- 
ments, by  greater  refinement  of  analysis,  knowledge  has  been  increased, 
especially  in  precision  and  minute  exactness. 

Astronomy,  the  oldest  of  the  sciences,  has  more  than  renewed  her 
youth.  At  no  time  in  the  past  has  she  been  so  bright  with  unbounded 
aspirations  and  hopes.  Never  were  her  temples  so  numerous  nor  the 
crowd  of  her  votaries  so  great.  The  British  Astronomical  Association 
formed  within  the  year  numbers  already  about  600  members.  Happy 
is  the  lot  of  those  who  are  still  on  the  eastern  side  of  life's  meridian. 

Already,  alas!  the  original  founders  of  the  newer  methods  are  falling 
out — Kirchhoff,  Angstrom,  D' Arrest,  Secchi,  Draper,  Becquerel;  but 
their  places  are  more  than  filled ;  the  pace  of  the  race  is  gaining,  but 
the  goal  is  not  and  never  will  be  in  sight. 

Since  the  time  of  Newton  our  knowledge  of  the  phenomena  of  nature 
has  wonderfully  increased,  but  man  asks,  perhaps  more  earnestly  now 
than  in  his  days,  What  is  the  ultimate  reality  behind  the  reality  of  the 
perceptions!  Are  they  only  the  pebbles  of  the  beach  with  which  we 
have  been  playing!  Does  not  the  ocean  of  ultimate  reality  and  truth 
lie  beyond! 
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By  AoNEs  M.  ClerkeJ. 


The  mere  equal-surface  counting  of  the  stars  visible  with  the  same 
iuHtrument  in  diflferent  sections  of  the  sky  gives  results  open  to  mis-in- 
terpretation. Admirable  in  itself,  the  method  fails  because  it  encoun- 
ters what  we  may  call  "  systematic  errors''  in  the  distribution  of  the 
stars.  With  incidental  anomalies  it  is  fuUy  competent  to  deal;  they 
should,  on  a  large  average,  be  mutually  compensatory;  but  it  breaks 
down  before  the  clustering  tendency  which  pervades,  more  or  less  mark- 
edly, the  entire  sidereal  system.  Not  only  are  certain  parts  of  space 
more  crowded  than  others,  but  the  crowded  parte  are  related  according 
to  an  obvious  plan.  They  do  not  occur  casually.  Their  effect  is  then 
heightened,  instead  of  being  eliminated,  by  multiplied  observations. 

The  present  resources  of  science,  however,  seem  to  oflfer  the  means  of 
discriminating,  to  some  extent,  between  real  crowding  and  the  simple 
extent  of  star-strewn  space.  Although  the  total  number  of  the  stars  vis- 
ible in  each  case  with  the  same  telescope  might  be  precisely  the  same, 
their  relative  numbers,  counted  by  magnitudes,  would  in  all  probability 
be  very  different.  In  a  stratum,  supposing  the  distribution  of  the  stars 
equable  and  their  size  uniform,  their  numbers  should  be  nearly  quad- 
rupled at  each  descent  of  a  ^nagnitude.  This,  of  course,  is  an  ideal 
law  of  progression  which  we  can  not  expect  to  find  anywhere  strictly 
obeyed;  but  even  approximate  conformity  to  it  must  be  held  to  indicate 
with  tolerable  certainty  that  the  lessening  ranks  of  the  stars  are,  on 
the  whole,  at  distances  from  us  corresponding  with  their  light.  Now  it 
w  approximately  conformed  to  by  the  stellar  multitude  down  to  the  8.9 
magnitude  over  the  general  expanse  of  the  sky,  as  well  as  over  the  zpne 
of  the  Milky  Way.  But  in  that  zone  stars  of  the  ninth  and  higher  mag- 
nitudes very  much  exceed  their  due  numerical  proportions;  in  other 
words,  they  are  physically,  no  less  than  optically,  condensed. 

From  these  circumstances  two  very  important  inferences  may  be  de- 
rived: First,  that  the  lower  margin  of  the  galactic  aggregations  lies  at 
a  distance  from  us  corresponding  roughly  to  the  mean  distance  of  a 
ninth  magnitude  star,  costing  light  some  fourteen  hundred  years  of 
travel;  next,  that  the  aggregated  objexjts  are  average  stars,  neither 

*  From  yaturt',  August  8,  ISSU,  vol.  XL,  pp.  344-346. 
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larger  uor  smaller  than  those  in  our  nearer  neighborhood.  Both  con- 
clusions seem  inevitable  should  the  facts  turn  out,  on  closer  investiga- 
tion, to  be  as  above  stated.  A  regular  increase  in  the  numbers  of  the 
successive  photometric  orders  of  stars,  tallying  with  the  increased  cub- 
ical contents  of  the  successive  spheres  of  which  the  radii  are  the  theo- 
retical mean  distances  of  those  same  orders,  affords  strong,  if  not  de- 
monstrative, evidence  of  a  corresponding  veai  penetration  of  space.* 
And  since  the  sequence  continues  unbroken  down  just  to  the  ninth 
magnitude,  we  see  that  the  galactic  condensations  of  ninth  magnitude 
stars  can  not  be  situated  nearer  to  us  than  their  brightness  would  lead 
us  to  suppose — can  not,  in  other  words,  be  stars  on  a  lower  than  the 
ordinary  level  of  luster. 

It  is  tolerably  certain  however  that  the  denser  star  clouds  of  the 
Milky  Way  lie  far  beyond  ninth  magnitude  distance.  The  ground  for 
this  assertion  is  not  the  apparent  minuteness  of  their  components,  but 
the  singular  fact,  adverted  to  by  Argelauder,  that,  in  the  divided  Milky 
Way,  running  from  Cygnus  to  the  Centaur,  the  shining  branches  are 
nearly  on  a  par  with  the  dark  rift  separating  them  as  regards  the  dis- 
tribution of  stars  even  fainter  than  the  ninth  magnitude.  The  nebu- 
lous effect  to  the  eye  distinguishing  the  branches  is  then  presumably 
due  to  more  remote  collections.  As  to  the  further  limits  of  these  we 
know  as  yet  nothing,  except  that  Herschel's  gauge  numbers  left  it  to 
be  inferred  that  "  thinning-out "  had  become  marked  before  the  attain- 
ment of  fourteenth  magnitude  distance.  On  these  and  similar  subjects 
enlightenment  may  be  hoped  for  through  the  judicious  use  of  means 
already  at  hand. 

For  simple  star-counts,  we  have  only  to  substitute  star-counts  by 
magnitudes  over  selected  areas  of  the  sky.t  The  relative  numbers  of 
the  photometric  ranks  can  hardly  fail  to  give  highly  valuable  indica- 
tions as  to  real  distribution;  provided  only  that  the  assumption  of  a 
general  uniformity  in  the  brightness  of  the  stars  be  valid.  Kot  (it  need 
scarcely  be  said)  of  a  uniformity  such  as  to  preclude  any  extent  of  in- 
dividual variety;  all  that  need  be  supposed  is  that  the  average  size  of 
a  star  remains  constant  throughout  sidereal  space.  This  hypothesis 
has  far  more  probability  in  its  favor  than  any  other  which  could  be  set 
up  instead  of  it;  though  it  may  receive  corrections  as  our  inquiries  ad- 
vance. 

The  photometric  classification  of  small  stars  is  one  of  the  many 
branches  of  sidereal  science  which  will  henceforth  be  prosecuted  only 
with  the  assistance  of  the  camera.  Visual  methods  are  inadequate  and 
insecure.    Those  by  photography,  it  is  true,  have  also  their  difficulties, 

^  The  idea  of  determiDiug  distance  by  distribution  seems  to  have  presented  itself 
to  Dr.  ttould  in  1874.     See  American  Journal  of  Science,  vol.  vur. 

f  This  plan  was  first  suggested  by  Prof.  Holden  in  1883,  as  a  mode  of  inivestigating 
the  composition  of  star-groupings  (*' Washburn  Publications,"  vol.  ii,  p.  113). 
Counts  with  varied  telescopic  apertures  gave  him  the  numbers  in  the  successive 
photometric  ranks.  We  believe  that  a  photographic  method  of  determining  them 
has  since  been  adopted  by  him. 
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not  yet  completely  vanquished;  they  will,  however,  evidently  prove 
manageable.  Prof.  Pickering  is  tentatively  establishing  methods  in 
photographic  photometry  which  will  doubtless  before  long  be  brought 
to  perfection.  They  depend  mainly  upon  comparisons  of  stellar  im- 
pressions upon  any  given  plate,  exposed  under  known  conditions,  with 
standard  impressions  of  standard  stars  obtained  with  varied  exi)osures 
or  apertures.  For  the  purpose  we  have  in  view,  accidental  errors  of 
estimation,  even  if  very  large  in  amount,  are  of  no  importance.  What 
is  essential  is  that  the  integrity  of  the  series  should  be  preserved — that 
the  proportionate  change  of  light  from  one  magnitude  to  the  next  should 
remain  invariable  from  the  first  term  to  the  last.  The  realization  of 
this  aim,  now  virtually  attained,  is  one  of  the  most  weighty  services 
rendered  to  astronomy  by  the  sensitive  plate. 

We  may  now  describe  the  process  of  photographic  star-gauging.  It 
consists  in  the  enumeration,  by  magnitudes  or  half  magnitudes,  of  the 
stars  down,  say,  to  the  fifteenth  magnitude,  self-pictured  from  distinct- 
ively situated  patches  of  the  sky.  Each  such  area  should  be  wide 
enough  to  insure  the  elimination  of  minor  irregularities  in  distribution; 
but  a  single  large  field  would  often  suffice  to  show  the  characteristic 
grouping  of  the  smaller  telescopic  stars. 

The  Milky  Way  would  naturally  be  the  first  subject  of  inquiry;  and 
the  comparison  of  several  plates  taken  in  different  sections  of  its  course 
might  be  expected  to  yield  data  of  great  significance  as  regards  its 
constitution.  From  simply  calling  over  the  muster-roll  by  orders  of 
brightness  of  the  stars  contained  in  them,  answers  may  be  derived  to 
the  follcfwing  questions: 

(1)  How  far  does  the  regular  sequence  of  increasing  numbers  extend  ! 
That  is,  down  to  what  grade  of  brightness  do  the  stars  continue  nearly 
to  quadruple  with  each  additional  magnitude! 

(2)  Is  the  progression  interrupted  by  defect  or  excess,  or  by  each  alter- 
nately t  In  other  words,  does  the  stellar  system  embrace  systematic 
vacancies  as  well  as  systematic  groupings! 

(3)  Supposing  an  accumulation  of  stars  to  set  in  at  a  definite  stage  of 
space-penetration,  where  does  it  stopt  Down  to  what  magnitude  is 
the  augmented  ratio  of  increase  maintained  f 

(4)  Are  there  symptoms  of  approaching  total  exhaustion  of  the  stel- 
lar supplies  beyond  t 

These  should  be  found  in  a  concurrent  decrease  of  density  with 
brightness,  "  density  "  being  understood  as  the  proportion  of  the  num- 
bers present  to  the  space  theoretically  available  for  stars  of  a  given 
magnitude.  For  one  of  two  things  seems  certain :  either  the  thinning 
fringe  of  stars  is  composed  of  really  small  objects  interspersed  among 
larger  ones,  or  of  average  stars  at  average  distances  from  us,  but  fur- 
ther and  further  apart  from  each  other.  In  the  first  case  the  system 
ends  abruptly;  in  the  second,  it  is,  as  it  were,  shielded  by  outliers  from 
the  absolute  void. 
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Particular  attention  should  be  paid  to  the  differences  of  stellar  dis- 
trlbation  upon  plates  of  the  Milky  Way  proper,  and  of  the  dark  ai)er- 
fure  between  its  cloven  portions.  That  this  really  forms  an  integral 
part  of  the  galaxy  is  shown  by  the  far  greater  profusion  of  small  stars 
there  than  in  the  general  sky  at  the  outer  margins  of  the  galactic 
branches — a  fact  in  itself  fatal  to  the  "  spiral  theory,"  by  which  the 
rift  was  interpreted  as  a  chink  of  ordinary  sky-background  left  by  the 
interlacing,  to  the  eye,  of  two  great  streams  of  stars,  one  indefinitely 
more  remote  than  the  other.  From  photographs  we  may  now  hope  to 
learn  what  is  the  nature  of  the  distinction  between  rift  and  branches — 
what  are  the  magnitudes,  relative  numbers,  and  presumable  mean  dis- 
tances, of  the  clustering  stars  present  in  the  latter,  but  absent  from 
former. 

Gauges  taken  in  the  neighborhood  of  the  southern  "coal-sack"  onght 
to  prove  instructive  as  to  the  nature  of  the  nebulous  stratum  out  of 
which  it  seems  as  if  scooped.  If  the  Milky  Way  be  there  shallower 
than  elsewhere,  a  greater  uniformity  of  lustre  maybe  looked  for  among 
the  stars  composing  it.  No  background  profusely  stored  with  lessen- 
ing ranks  will  come  into  view,  and  stars  below  the  average  of  those 
grouped  in  bright  masses,  representing  their  genuine  companions,  will 
be  but  scantily  present. 

Outside  the  milky  way,  two  points  suggest  themselves  as  likely  to  be 
settled  by  photographic  gauges.  Argelander  found  that  the  faintest 
stars  in  the  Durchmiiste7*ung  were  everywhere  in  excess  of  their  due 
proportion.*  Even  at  the  galactic  pole,  their  increase,  as  compared 
with  the  class  next  below,  was  sextuple  instead  of  quadruple;  in  the 
undivided  galactic  stream  it  was  nine  and  a  half,  in  the  rift  eight  and 
a  half  times.  If  this  semblance  of  crowding  in  all  directions  at  about 
the  mean  distance  of  a  ninth  magnitude  star  be  no  accident  of  enumera- 
tion, then  the  milky  way  is  only  the  enhancement  of  a  phenomenon 
universally  present,  an&  the  fundamental  plan  of  the  sidereal  system 
must  be  regarded  as  that  of  a  sphere  with  superficial  condensation  in- 
tensified in  an  equatorial  ring.  The  counts,  to  settle  this  question,  will 
have  to  extend  over  a  considerable  area. 

The  second  point  for  photographic  investigation  refers  to  the  limits 
of  the  system  towards  the  galactic  poles.  There  is  reason  to  believe 
them  comparatively  restricted.  M.  Celoria,  of  the  Milan  observatory, 
using  a  refractor  capable  at  the  utmost  of  showing  stars  of  eleventh  mag- 
nitude,  obtained  for  a  "mean  sounding,"  at  the  north  pole  of  the  milky 
way,  almost  identically  the  same  number  given  by  HerscheFs  great  re- 
flector.t  That  is  to  say,  no  additional  stars  were  revealed  by  the  larger 
instrument.  Should  this  evidence  be  confirmed,  the  boundary  of  the 
stellar  scheme  should  here  be  placed  at  a  maximum  remoteness  of  3,600 
years  of  light  traveL 

*  Bonner  Beobachtungen^  Bd.  v,  **Einleitang." 
t  MrmoHe  delV  Instituto  Lombardo,  t.  Xiv,  p.  86. 
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As  a  specimen  of  a  photographic  gauge-field  on  a  small  scale,  we  may 
take  Prof.  Pickering's  catalogue,  from  the  Harvard  plates,  of  947  stars 
within  1^  of  the  north  celestial  pole.*  The  region  examined  lies  about 
270  from  the  2one  of  the  Milky  Way,  but  is  nearly  reached  by  a  faint 
extension  from  it.  Since  only  one  eighth  magnitude  star,  and  none 
brighter,  are  included  in  it,  the  study  of  distribution,  for  which  it  offers 
some  materials,  may  be  said  to  begin  with  the  ninth  magnitude.  A 
single  glance  at  the  synoptical  table  suffices  to  show  that  the  numerical 
representation  of  the  higher  magnitudes  is  inadequate.  The  small 
stars  are  overwhelmingly  too  few  for  the  space  they  must  occupy  if  of 
average  brightness  5  and  they  are  too  few  in  a  constantly  increasing  ratio. 
Either,  then,  the  diminishing  orders  form  part  of  a  heterogeneous  col- 
lection of  stars  of  all  sizes  at  nearly  the  same  distance  from  us  about 
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Distxibntion  of  034  stars  within  lo  of  the  pole,  showing  the  ratio  of  numbers  to  space  for  each  half- 
magnitnde. 

that  corresponding  to  ninth  magnitude),  or  they  belong  to  attenuated 
star-layers  stretching  to  a  much  vaster  distance.  A  criterion  might  be 
supplied  by  Prof.  Holden's  plant  of  charting  separately  stars  of  succes- 
sive magnitudes  over  the  same  area,  and  judging  of  their  connection  or 
disconnection  by  the  agreement  or  disagreement  in  the  forms  of  their 
groupings. 

The  accompanying  diagram  shows  graphically  the  decrease  of  density 
outward,  deducible  from  Prof.  Pickering's  numbers  on  the  sole  suppo- 


•  Harvard  AnnaU,  vol.  xviii,  p.  138. 

t  Recommended  in  the  Centurjf  Magazine  for  September,  1888,  as  ^v^^]\  as  in  ' 
bum  Publications/'  vol.  ii,  p.  113. 
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sition  of  the  equal  average  luster  of  each  class  of  stars.  Those  of  the 
ninth  are  the  most  closely  scattered.  The  intervals  between  star  and 
star  widen  rapidly  and  continuously  (for  the  sudden  dip  at  9*6  magni- 
tude is  evidently  accidental)  down  to  11.5  magnitude,  when  a  slight  re- 
covery, lasting  to  the  thirteenth  magnitude,  sets  in.  How  far  these 
changes  are  of  a  systematic  character  can  only  be  decided  from  far 
wider  surveys. 
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Science  needed  two  thoasand  years  to  disentangle  the  earth's  orbital 
movement  from  the  revolutions  of  the  other  planets,  and  the  incompar- 
ably more  arduous  problem  of  distinguishing  the  solar  share  in  the 
confused  multitude  of  stellar  displacements  first  presented  itself  as 
possibly  tractable,  little  more  than  a  century  ago.  In  the  lack  as  yet  of 
a  definite  solution  for  it,  there  is  then  no  ground  for  surprise,  but  much 
for  satisfaction  in  the  large  measure  of  success  attending  the  strenuous 
attacks  of  which  it  has  so  often  been  made  the  object. 

Approximately  correct  knowledge  as  to  the  direction  and  velocity  of 
the  sun's  translation  is  indispensable  to  a  profitable  study  of  sidereal 
construction;  but  apart  from  some  acquaintance  with  the  nature  of 
sidereal  construction,  it  is  diflScult,  if  not  impossible,  of  attainment. 
One  in  fact  pre-supposes  the  other.  To  separate  a  common  element  of 
motion  from  the  heterogeneous  shiftings  upon  the  sphere  of  3,000  or 
4,000  stars  is  a  task  practicable  only  under  certain  conditions.  To  be- 
gin with,  the  proper  motions  investigated  must  be  established  with 
general  exactitude.  The  errors  inevitably  affecting  them  must  be  such 
as  pretty  nearly,  in  the  total  upshot,  to  neutralize  one  another.  For 
should  they  run  mainly  in  one  direction,  the  result  will  be  falsified  in 
a  degree  enormously  disproportionate  to  their  magnitude.  The  adop- 
tion, for  instance,  of  a  system  of  declinations  as  much  as  1"  of  arc 
astray,  might  displace  to  the  extent  of  10°  north  or  south  the  point 
fixed  upon  as  the  apex  of  the  sun's  way  (see  Ij.  Boss,  Astr.  Jour.^  No. 
213).  Bisks  on  this  score,  however,  will  become  less  formidable  with 
the  liirther  advance  of  practical  astronomy  along  a  track  definable  as 
an  asymptote  to  the  curve  of  ideal  perfection. 

Besides  this  obstacle  to  be  overcome,  there  is  another  which  it  wiU 
soon  be  possible  to  evade.  "Hitherto,  incjuiries  into  the  solar  movement 
have  been  hampered  by  the  necessity  for  preliminary  assumptions  of 
some  kind  as  to  the  relative  distances  of  classes  of  stars.  But  all  such 
assumptions,  especially  when  applied  to  selected  lists,  are  highly  inse- 
cure; and  any  fabric  reared  upon  them  must  be  considered  to  stand 
upon  treacherous  ground.  The  spectrographic  method,  however,  here 
fortunately  comes  into  play.    "  Proper  motions"  areonly  angularveloci- 


'  From  Nature,  October  15,  1891,  Vol.  xliv,  pp.  572-574. 
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ties.  They  tell  nothing  as  to  the  value  of  the  perspective  element  they 
may  be  supjwsed.  to  include,  or  as  the  real  rate  of  going  of  the  bodies  they 
are  attributed  to,  until  the  size  of  the  sphere  upon  which  they  are  meas- 
ured has  been  otherwise  ascertained.  But  the  displac^nents  of  lines 
in  stellar  spectra  give  directly  the  actual  velocities  relative  to  tiie  earth 
of  the  observed  stars.  The  question  of  their  diiStances  is  therefore  at 
once  eliminated.  Now,  the  radial  component  of  stellar  motion  is  mixed 
up  precisely  in  the  same  way  as  the  tangential  component  with  the 
solar  movement;  and  since  complete  knowledge  of  it  in  a  sufficient 
number  of  cases  is  rapidly  becoming  accessible,  while  knowledge  of 
tangential  velocity  must  for  a  long  time  remain  partial  or  uncertain,  the 
advantage  of  replacing  the  discussion  of  proper  motions  by  that  of 
motions  in  line  of  sight  is  obvious  and  immediate.  And  the  admirable 
work  carried  on  at  Potsdam  during  the  last  three  years  will  soon  afford 
the  means  of  doing  so  in  the  first,  if  only  a  preliminary,  investigation 
of  the  solar  translation  based  upon  measurements  of  photographed 
stellar  spectra. 

The  difficulties,  then,  caused  either  by  inaccuracies  in  star  catalogues 
or  by  ignorance  of  star  distances,  may  be  overcome;  but  there  is  a 
third,  impossible  at  present  to  be  surmounted,  and  not  without  misgiv- 
ing to  be  passed  by.  All  inquiries  upon  the  subject  of  the  advance  of 
oui-  system  through  space  start  with  a  hypothesis  most  unlikely  to  be 
true.  The  method  uniformly  adopted  in  them — and  no  other  is  avail- 
able— is  to  treat  the  inherent  motions  of  the  stars  (their  so-called  motus 
peculiares)  as  pursued  indifferently  in  all  directions.  The  steady  drift 
extricable  from  them  by  rules  founded  upon  the  science  of  probabili- 
ties is  presumed  to  be  solar  motion  visually  transferred  to  them  in  pro- 
portions varying  with  their  remoteness  in  space  and  their  situations  on 
the  sphere.  If  this  presumption  be  in  any  degree  baseless,  the  result 
of  the  inquiry  is  pro  tanto  falsified.  Unless  the  deviations  from  the 
parallactic  line  of  the  stellar  motions  balance  one  another  on  the  whple, 
their  discussion  may  easily  be  as  fruitless  as  that  of  observations 
tainted  with  systematic  errors.  It  is  scarcely  however  doubtftd  that 
law,  and  not  chance,  governs  the  sidereal  revolutions.  The  point  open 
to  question  is  whether  the  workings  of  law  may  not  be  so  exceedingly 
intricate  as  to  produce  a  grand  sum  total  of  results  which,  from  the  geo- 
metrical side,  may  justifiably  be  regarded  as  casual. 

The  search  for  evidence  of  a  general  plan  in  the  wanderings  of  the 
stars  over  the  face  of  the  sky  has  so  far  proved  fruitless.  Local  con- 
cert can  be  traced,  but  no  widely-diffused  preference  for  one  direction 
over  any  other  makes  itself  definitely  felt.  Some  regard,  nevertheless, 
must  be  paid  by  them  to  the  plane  of  the  Milky  Way;  since  it  is  alto- 
gether incredible  that  the  actual  construction  of  the  heavens  is  with- 
out dependence  upon  the  method  of  their  revolutions. 

The  apparent  anomaly  vanishes  upon  the  consideration  of  the  pro- 
fundities of  space  and  time  in  which  the  fundamental  design  of  the 
sidereal  universe  lies  buried.     Its  comoosition  out  of  an  indefinite 
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nmnber  of  partial  systems  is  more  than  probable;  but  the  inex)nceiva- 
ble  leisureliness  with  which  their  mutual  relations  develop  renders  the 
harmony  of  those  relations  inappreciable  by  short-lived  terrestrial 
denizens.  "Proper  motions,"  if  this  be  so,  are  of  a  subordinate  kind; 
they  are  indexes  simply  to  the  mechanism  of  particular  aggregations, 
and  have  no  definable  connection  with  the  mechanism  of  the  whole. 
No  considerable  error  may  then  be  involved  in  treating  them,  for  pur- 
poses of  calculation,  as  indifferently  directed;  and  the  elicited  solar 
movement  may  genuinely  represent  the  displacement  of  our  system  rela- 
tive to  its  more  immediate  stellar  environment.  This  is  perhaps  the  ut- 
most to  be  hoped  for  until  sidereal  astronomy  has  reached  another  sta- 
dium of  progress,  unless,  indeed,  effect  should  be  given  to  Clerk  Max- 
well's suggestion  for  deriving  the  absolute  longitude  of  the  solar  apex 
from  observations  of  the  eclipses  of  Jupiter's  satellites  (Proc.  Roy.  Soc.j 
vol.  XXX,  p.  109).  But  this  is  far  from  likely.  In  the  first  place,  the 
revolutions  of  the  Jovian  system  can  not  be  predicted  with  anything 
like  the  required  accuracy.  In  the  second  i)lace,  there  is  no  certainty 
that  the,  postulated  phenomena  have  any  real  existence.  K  however 
it  be  safe  to  assume  that  the  solar  system,  cutting  its  way  through 
space,  virtually  raises  an  setherial  counter-current,  and  if  it  be  further 
granted  that  light  travels  faster  with  than  against  such  a  current,  then 
indeed  it  becomes  speculatively  possible,  through  slight  alternate  accel- 
erations and  retardations  of  eclipses  taking  place,  respectively,  ahead 
of  and  in  the  wake  of  the  sun,  to  determine  his  absolute  path  in  space 
as  projected  upon  the  ecliptic.  That  is  to  say,  the  longitude  of  the 
apex  could  be  deduced  together  with  the  resolved  part  of  the  solar 
velocity;  the  latitude  of  the  apex,  as  well  as  the  component  of  velocity 
perpendicular  to  the  plane  of  the  ecliptic,  remaining  however  unknown. 
The  beaten  track,  meanwhile,  has  conducted  two  recent  inquirers  to 
results  of  some  interest.  The  chief  aim  of  each  was  the  detection  of 
systematic  peculiarities  in  the  motions  of  stellar  assemblages  after  the 
subtraction  from  them  of  their  common  perspective  element.  By  vary- 
ing the  materials  and  method  of  analysis,  Prof.  Lewis  Boss,  director  of 
the  Albany  Observatory,  hopes  that  corresponding  variations  in  the 
upshot  may  betray  a  significant  character.  Thus,  if  stars  selected  on 
different  principles  give  notably  and  consistently  different  results,  the 
cause  of  the  difference  may,  with  some  show  of  reason,  be  supposed  to 
reside  in  specialties  of  movement  appertaining  to  the  several  groups. 
Prof.  Boss  broke  ground  in  this  direction  by  investigating  284  proper 
motions,  few  of  which  had  been  similarly  employed  before  {Astr,  Jour,y 
No.  213).  They  were  all  taken  from  an  equatorial  zone  4o  20'  in  breadth, 
with  a  mean  declination  of  +3°,  observed  at  Albany  for  the  catalogue 
of  the  Astronomische  Oe^ellschaft^  and  furnished  data  accordingly  for 
a  virtually  independent  research  of  a  somewhat  distinctive  kind.  It 
was  carried  out  to  three  separate  conclusions.  Setting  aside  five  stars 
with  secular  movements  ranging  above  lOO^,  Prof.  Boss  divided  the 


Digitized  by  VjOOQ IC 


112 


THE   sun's   motion   IN   SPACE. 


279  left  available  into  two  sets,— one  of  135  starR  brighter,  the  other  of 
144  stars  fainter,  than  the  eighth  magnitude.  The  first  collection  gave 
for  the  goal  of  solar  translation  a  i)oint  about  4°  north  of  a  Lyrae,  in  R. 
A.  280O,  Decl.  +  43^;  the  second,  one  some  thirty-seven  minutes  of 
time  to  the  west  of  6  Cygni,  in  B.  A.  286°,  Decl.  +  45°.  For  a  third 
and  final  solution,  twenty-six  stars  moving  40"-l 00"  were  rejected,  and 
the  remaining  263  classed  in  a  single  series.  The  upshot  of  their  dis- 
cussion was  to  shift  the  apex  of  movement  to  R.  A.  289°,  Decl.  -f  51^; 
So  far  as  the  difference  ft'om  the  previous  pair  of  results  is  capable  of 
interpretation,  it  would  seem  to  imply  a  predominant  set  towards  the 
northeast  of  the  twenty-six  swifter  motions  subsequently  dismissed  as 
prejudicial,  but  in  truth  the  data  employed  were  not  accurate  enough 
to  warrant  so  definite  an  inference.  The  Albany  proper  motions,  as 
Prof.  Boss  was  careful  to  explain,  depend  for  the  most  part  upon  the 
right  ascensions  of  BessePs  and  Lalande's  zones,  and  are  hence  subject 
to  large  errors.  Their  study  must  be  regarded  as  suggestive  rather 
than  decisive. 

A  better  quality  and  a  larger  quantity  of  mat/Crial  was  disposed  of 
by  the  latest  and  perhaps  the  most  laborious  investigator  of  this  intri- 
cate problem.  M.  Oscar  Stumpe,  of  Bonn  {Asir  yach.^  Nos.  2999, 3000), 
took  his  stars,  to  the  number  of  1,054,  from  various  quarters,  if  chiefly 
from  Auwers's  and  Argelander^s  lists,  critically  testing,  however,  the 
movement  attributed  to  each  of  not  less  than  16"  a  century.  This  he 
fixed  as  the  limit  of  secure  determination,  unless  for  stars  observed  with 
exceptional  constancy  and  care.  His  discussion  of  them  is  instructive 
in  more  ways  than  one.  Adopting  Schonfeld's  modification  of  Airy's 
formula?,  (the  additional  computative  burden  imposed  by  it  notwith- 
standing,) he  introduced  into  his  equations  a  fifth  unknown  quantity 
expressive  of  a  possible  stellar  drift  in  galactic  longitude.  A  negative 
result  was  obtained.  No  symptom  came  to  light  of  ''  rotation  "  in  the 
plane  of  the  Milky  Way. 

M.  Stumpe's  intrepid  industry  was  further  shown  in  his  disregard 
of  customary  *^  scamping^  subterftiges.  Expedients  for  abbreviation 
vainly  spread,  their  allurements;  everyone  of  his  2,108  equations  was 
separately  and  resolutely  solved.  A  more  important  innovation  was 
his  substitution  of  proper  motion  for  magnitude  as  a  criterion  of  re- 
moteness. Dividing  his  stars  on  this  principle  into  four  groups,  he 
obtained  an  apex  for  the  sun's  translation  corresponding  to  each  as 
follows: 
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Here  again  we  find  a  marked  and  progressive  descent  of  the  apex 
toward  the  equator  with  the  increasing  swiftness  of  the  objects  serv- 
ing for  its  determination^  leading  to  the  suspicion  that  the  most  north- 
erly may  be  the  most  genuine  position,  because  the  one  least  affected 
by  stellar  individualities  of  movement.  By  nearly  all  recent  investi- 
gations, moreover,  the  solar  point  de  mire  has  been  placed  considerably 
farther  to  the  east  and  nearer  to  the  Milky  Way  than  seemed  admis- 
sible to  their  predecessors;  so  that  the  constellation  Lyxa  may  now  be 
said  to  have  a  stronger  claim  than  Hercules  to  include  it;  and  the  ne- 
cessity has  almost  disappeared  for  attributing  to  the  solar  orbit  a  high 
inclination  to  the  medial  galactic  plane. 

From  both  the  Albany  and  the  Bonn  discussions  there  emerged  with 
singular  clearness  a  highly  significant  relation.  The  mean  magnitudes 
of  the  two  groups  into  which  Prof.  Boss  divided  his  279  stars  were  re- 
spectively 6.6  and  8.6,  the  corresi)onding  mean  proper  motions  21.9"  and 
20.9".  In  other  words,  a  set  of  stars  on  the  whole  six  times  brighter  than 
another  set  owned  a  scarcely  larger  sum  total  of  apparent  displacement. 
And  that  this  approximate  equality  of  movement  really  denoted  approx- 
imate equality  of  mean  distance  was  made  manifest  by  the  further  cir- 
cumstance that  the  secular  journey  of  the  sun  proved  to  subtend  nearly 
the  same  angle  whichever  of  the  groups  was  made  the  standpoint  for 
its  survey.  Indeed,  the  fainter  collection  actually  gave  the  larger  angle 
(13.73"  as  against  12.39"),  and  so  far  an  indication  that  the  stars  compos- 
ing it  were,  on  an  average,  nearer  to  the  earth  than  the  much  brighter 
ones  considered  apart. 

A  result  similar  in  character  was  reached  by  M.  Stumpe.  Between 
the  mobility  of  his  star  groups,  and  the  values  derived  from  them  for 
the  angular  movement  of  the  sun,  the  conformity  proved  so  close  as 
materially  to  strengthen  the  inference  that  apparent  movement  meas- 
ures real  distance.  The  mean  brilliancy  of  his  classified  stars  seemed, 
on  the  contrary,  quite  independent  of  their  mobility.  Indeed,  its 
changes  tended  in  an  opposite  direction.  The  mean  magnitude  of  the 
slowest  group  was  6,  of  the  swiftest  6.5,  of  the  intermediate  pair  6.7 
and  6.1.  And  these  are  not  isolated  facrts.  Comparisons  of  the  same 
kmd,  and  leading  to  identical  conclusions,  were  made  by  Prof.  East- 
man at  Washington  in  1889.  (Phil.  8oc.  Wmh.  Bulletin^  vol.  xi,  p.  143; 
Proceedings  Amer.  Association^  1889,  p.  71.) 

What  meaning  can  we  attribute  to  them  ?  Uncritically  considered, 
they  seem  to  assert  two  things,  one  reasonable,  the  other  palpably  ab- 
surd. The  first — that  the  average  angular  velocity  of  the  stars  varies 
inversely  with  their  distance  from  ourselvc^s — few  will  be  disposed  to 
doubt;  the  second — that  their  average  apparent  luster  has  nothing  to 
do  with  greater  or  less  remoteness — few  will  be  disposed  to  admit. 
But,  in  order  to  interpret  tnily  well-aw^rtalned  if  unexpe<'ted  relation- 
ships, we  must  remember  that  the  sensibly  moving  stars  used  to  deter- 
mine the  solar  translation  are  chosen  from  a  multitude  sensibly  fixed^ 
H.  Mis.  334,  pt.  1 fj 
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and  that  the  proportiou  of  stationary  to  traveling  stars  rises  rapidly 
with  descent  down  tbe  scale  of  magnitude.  Hence  a  mean  struck  in 
disregard  of  the  zeros  is  totally  misleading,  while  the  account  is  no 
sooner  made  exhaustive  than  its  anomalous  character  becomes  largely 
modified.  Yet  it  does  not  wholly  disappear.  There  is  some  warrant 
for  It  in  nature.  And  its  warrant  may  perhaps  consist  in  a  preponder- 
ance, among  suns  endowed  with  high  physical  speid,  of  small,  or 
slightly  luminous,  over  powerfully  radiative  bodies.  Why  this  should 
be  so  it  would  be  futile,  even  by  conjecture,  to  attempt  to  explain. 
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By  Agnes  M.  Olebke. 


On  Tuesday,  August  21,  1888,  the  Union  steamship  Mexican  crossed 
the  line  outward-bound  for  the  cape,  and  a  certain  proportion  of  her 
passengers,  amongst  whom  was  the  present  writer,  found  themselves 
for  the  first  time  in  the  southern  hemisphere.  A  few  nights  later,  halt 
an  hour's  darkness  before  moonrise  gave  time  for  a  splendid  display  of 
unfamiliar  stars.  The  Southern  Cross  lay  prone  toward  the  west; 
Alpha  and  Beta  Centauri  shone  triumphantly  above  it;  Achernar  was 
climbing  the  sky  on  the  other  side  of  a  pole  singularly  denuded  of 
bright  companionship;  the  lucid  streams  and  knots  of  the  Milky  Way 
were  reflected  in  a  pearly  shimmer  from  gently  J|ieaving  waves,  the 
brilliant  effect  of  the  entire  sidereal  landscape  being  enhanced  by  the 
presence  of  Jupiter  and  Mars  close  together  in  Scorpio,  while  the  dim 
cone  of  the  Zodiacal  Light,  tapering  upward  from  the  sun's  place,  faded 
out  above  them  on  the  black  background  of  the  sky. 

The  "four  stars," 

Nou  viste  mai  faor  cli'  alia  prima  gente, 

appealed  to  mediaeval  imagination  as  a  symbol  and  a  prophecy  of  the 
uplifting  of  the  Cross  in  the  waste  places  of  the  earth.  Modern  trav- 
ellers regard  them  from  a  more  prosaic  point  of  view,  and  are  apt  to  be 
"disapi)ointed"  at  their  unequal  luster  and  slightly  unsymmetrical 
arrangement.  The  firmament  they  help  to  adorn,  however,  is  of  a 
splendor  at  first  sight  absolutely  startling,  and  at  all  times  peculiarly 
soggestive.  The  dullest  mind  can  hardly  fail  to  be  roused  to  wonder 
by  the  s^pearance  of  the  galaxy  as  it  extends  past  Sirius  amidst  the 
grand  procession  of  the  stars  in  Argo,  or  where  the  great  rift  in  its 
structure  spans  the  heavens  from  the  Centaur  to  the  Swan.  The  intri' 
cacy  of  its  branches,  the  curdled  texture  of  its  surface,  the  stupendous 
collection  of  distant  suns,  almost  palpably  rounded  out  from  the  void 
of  space  in  Sagittarius;  the  abrupt  vacuity  of  the  "  Coalsack,"  recall- 
iug  the  dark  "  lanes"  tunneling  certain  nebulaB  and  star  clusters,  invite, 
only  to  bafQe,  speculations,  which  the  tempting  analogues  presented  by 
the  never-setting  Magellanic  Clouds,  with  their  mixed  cx)ntents  of  stars 
and  nebulaB,  help  further  to  stimulate. 

•  From  The  Contemporary  Review,  March,  18S9,  Vol.  iv,  pp.  380-392. 

115 


Digitized  by  VjOOQ IC 


116  A  SOUTHERN   OBSERVATORY. 

"What  is  the  Milky  Wayt"  may  be  called  the  question  of  qaestions 
for  fatore  astronomers;  but  it  has  only  of  late  been  brought  to  some 
extent  within  the  range  of  available  methods.  More  feasible  aims 
prompted  the  foundation  of  southern  observatories.  English  official 
astronomy  in  particular  took  its  rise  directly  fix)m  the  requirements  of 
English  seamen.  Flamsteed  wan  commissioned  to  determine  the  places 
of  the  stars,  not  because  any  speculative  interest  attached  to  them, 
but  simply  in  order  that  they  might  serve  for  divisions  (as  it  were)  of 
the  great  dial  plate  of  the  heavens,  upon  which  the  moon  marked 
Greenwich  time,  and  might  hence  be  got  to  tell  the  longitude  in  every 
part  of  the  world. 

But  English  astronomy  was  Incomplete,  even  from  a  strictly  utilita- 
rian i)oint  of  view,  so  long  as  it  failed  to  embrace  the  whole  of  the 
celestial  sphere;  and  in  proportion  as  England's  colonial  empire  be- 
came consolidated,  the  need  of  a  supplementary  establishment  to  that 
at  Greenwich  was  rendered  more  and  more  imperative. 

In  the  choice  of  its  situation,  there  was  scarcely  room  for  a  doubt. 
The  Cape  of  Good  Hope  was  already  distinguished  as  the  scene  of 
Lacaille's  labors  in  1851-'52;  and  these  furnished  the  virtual  starting- 
point  of  austral  astronomy.  As  their  result,  10,000  southern  stars  and 
forty- two  nebulae  were  known  at  the  beginning  of  this  century;  and  an 
indication  of  a  somewhat  anomalous  character  (yet  the  only  one  of  any 
kind  at  hand)  had  been  procured  regarding  the  figure  of  our  globe 
south  of  the  equator.  It  seemed  to  show  that  the  earth  bulged  the 
wrong  way, — in  other  words,  was  prolate  instead  of  oblate.  Its  cor- 
rection or  verification  was  hence  of  extreme  interest,  and  the  re-meas- 
urement of  Lacaille's  arc  of  the  meridian  came  to  be  recognized  as  a 
prime  necessity  of  geodetic  science.  By  an  order  in  council,  dated 
October  20, 1820,  the  establishment  of  a  permanent  observatory  at  the 
Cape  was  accordingly  decreed,  and  the  first  royal  astronomer  was  im- 
mediately afterwards  api)ointed,  in  the  person  of  the  Rev.  Fearon 
Fallows,  of  St.  Johns  College,  Cambridge. 

A  Cumbrian  weaver's  son,  he  had  contrived,  while  still  a  boy  work- 
ing at  the  loom,  to  attain  a  notable  proficiency  in  mathematics;  and, 
his  talents  attracting  attention,  some  gentlemen  of  the  neighborhood 
subscribed  to  procure  him  a  suitable  education.  He  graduated  in 
1813,  as  third  wrangler  to  Herschel's  and  Peacock's  first  and  second, 
and  was  elected  on  the  earliest  opportunity  a  fellow  of  his  college.  The 
prosperity  and  happiness  of  his  life  culminated  when  he  found  himself 
as  His  Majesty's  astronomer  at  the  Cape,  in  a  position  to  marry  the 
eldest  daughter  of  his  first  jiatron,  the  Rev.  Mr.  Hervey,  of  Bridekirk. 

This  however  was  the  last  fortunate  event  of  his  life.  Disappoint- 
ment and  chagrin  presided  over  the  entire  series  of  i)oor  Fallows'  ex- 
periences in  South  Africa.  Suspense  through  circumlocutory  proceed- 
ings at  home,  anxiety  due  to  the  misconduct  or  lawlessness  of  those 
employed  by  him  in  the  colony,  vexation  indescribable  at  the  defects 
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of  the  instrument  he  had  chiefly  relied  apon,  personal  illness,  the 
deaths  of  ail  the  children  successively  born  to  him,  at  last  exhausted 
his  vital  energies,  and  he  died  of  dropsy  supervening  upon  sunstroke 
and  scarlet  fever,  July  25, 1831,  at  the  age  of  42.  His  grave  is  in  a  spot 
of  ground  consecrated  by  himself  within  a  stone's  throw  of  the  broken 
pier  of  his  transit  instrument;  and  the  Sjrringa  trees  he  planted  now 
lean  their  blossom-laden  branches  towards  the  upper  windows  of  the 
dwelling  house  where  he  might  have  hoped  to  spend  many  useful  and 
happy  years. 

But  his  work  at  the  Cape  was  not  thrown  away.  The  buildings  of 
the  new  observatory  were  well  planned  and  solidly  executed;  its  site 
was  judiciously  chosen  on  a  slightly  rising  ground  3  miles  southeast  of 
Gape  Town,  almost  islanded  by  the  converging  sinuosities  of  the  Lies- 
beck  and  the  Salt  Biver.  A  desolate  spot  enough  it  must  indeed  have 
been  when  Fallows  took  his  first  survey  of  it.  Wolves  were  then  stiU 
common  in  the  neighborhood;  the  cries  of  jackals  mingled  at  night 
with  the  metallic  chirping  of  the  Cape  frogs;  the  last  Salt  Biver  hip- 
popotamus had,  not  long  before,  met  an  untimely  death  by  drowning 
in  its  marshes;  the  mole-burrowed  hillside  was  bare  of  almost  every 
form  of  vegetation  save  a  luxuriant  crop  of  thistles. 

Now  the  •smiling  culture  everywhere  apparent  indicates  the  neigh- 
borhood of  a  refined  English  home.  The  slopes  are  in  spring .  all  abloom 
with  lilies,  asters,  and  gladioli,  delicately  striped  and  shaded  with  pink 
and  mauve,  or  flaunting  gaudily  in  purple  and  orange;  Australian  wil- 
lows— the  Cape  substitute  for  laburnums — ^make  golden  patches  against 
the  dark  foliage  of  thick-growing  pines  planted  half  a  century  ago  by 
Lady  Maclear  on  the  simple  plan  of  inserting  a  cone  into  every  mole 
hill;  clumps  of  aloes  and  eucalyptus  recall  the  vicinity  of  the  tropics; 
a  grove  of  oaks  and  cypresses,  due  to  Prof.  Piazzi  Smyth's  skill  in 
forestry,  brings  memories  of  England ;  white  arums,  irrepressible  and 
all-difftisive,  nestle  round  tree  roots,  strain  upwards  to  the  light  through 
the  midst  of  tall  shrubs  and  hedges,  fling  themselves  in  lavish  profu- 
sion amidst  the  lush  grass,  marching  processionally  (so  to  speak)  or 
halting  in  dense  clusters,  and  making  milky  ways  of  blossom  along 
every  marsh  and  meadow.  Here  indeed  are  lilies,  enough  and  to  spare, 
to  strew, "  with  full  hands,''  the  graves  of  a  hundred  young  Marcelluses. 

In  succession  to  the  weaver's  lad  from  Cockerroouth,  there  was  ap- 
I)ointed  to  direct  the  new  South  African  observatory  a  solicitor's  clerk 
from  Dundee.  Thomas  Henderson  began,  at  the  age  of  15,  to  de- 
vote his  leisure  hours  to  astronomy.  His  instinct  however  was  for 
the  mathematical  part  of  the  science;  and  he  had  probably  never  seen 
a  transit  instrument,  or  handled  a  telescope,  until  after  he  came  to  re- 
side at  Edinburgh  in  1819.  His  twofold  life  prospered.  In  his  legal 
capacity  he  became  secretary  to  Lord  Advocate  Jeffrey;  his  astro- 
nomical calculations  brought  him  to  the  notice  of  Dr.  Thomas  Young, 
Sir  John  Herschel,  Capt.  Basil  Hall,  and  other  eminent  men.    In  the 
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summer  of  1829,  Dr.  Young  gave  in  charge  to  Prof.  Bigaud  a  memo- 
randum urging  Henderson's  8Ui)erior  qualifications  for  the  post  of 
superintendent  of  the  Nautical  Almanac,  vacated  by  his  own  death  a 
fortnight  later;  and  the  recommendation  was  doubtless  influential  in 
procuring  for  him  after  three  years  the  oflfer  of  the  Cape  observatory. 

Assuming  the  chief  command  there  in  April,  1832,  he  accumulated 
in  thirteen  months,  a  surprising  number  of  valuable  observations,  still 
in  part  unpublished.  One  of  the  results  derived  from  them  was  how- 
ever of  so  striking  a  character  as  to  attract  instant  and  universal  at- 
tention. It  was  nothing  less  than  the  first  authentic  determination  of 
the  distance  of  a  fixed  star. 

After  Siriufe  and  Canopus,  the  brightest  star  in  the  heavens  is  Alpha 
Centauri.  This  beautiful  object  is  easily  resolved  into  two, — one  fiilly 
three  times  brighter  than  the  other.  And  these  two  circulate  round 
each  other,  or  rather  round  their  common  center  of  gravity,  in  a  period 
of  about  eighty-eight  years.  The  system  thus  formed  was  discovered 
by  Henderson  to  have  an  "  annual  parallax  "  of  just  one  second  of  arc. 
That  is  to  say,  the  apparent  places  of  the  component  stars  as  viewed 
ft'om  opposite  sides  of  the  earth's  orbit,  differed,  through  a  familiar 
effect  of  perspective,  by  nA^o  of  the  distance  from  the  horizon  to  the 
zenith.  The  more  refined  determinations  of  Drs.  Gill  and  Blkin,  while 
establishing  its  reality,  have  since  shown  that  Henderson's  parallax 
was  somewhat  too  large.  The  actual  distance  of  Alpha  Centauri  from 
the  earth  is,  in  round  numbers,  25,500,000,000  of  miles.  Even  the 
setherial  vibrations  of  light  occupy  four  years  and  four  months  in  span- 
ning this  huge  interval;  yet  Alpha  Centauri  (so  far  as  is  at  present 
known)  is  the  nearest  neighbor  of  our  sun  in  space. 

The  attractive  power  of  each  of  these  coupled  stars  appears  to  be 
about  equal;  but  while  one  is  nearly  twice,  the  other  is  only  half  as 
luminous,  in  proportion  to  the  amount  of  matter  it  contains,  as  our 
own  sun.  Hence,  according  to  our  present  notions,  the  darker,  more 
condensed  body  must  be  considerably  more  advanced  on  the  road 
towards  extinction  than  its  brilliant  companion,  and  an  attentive  study 
of  its  spectrum  ought  to  give  interesting  results. 

Henderson  returned  to  Europe  in  1833,  unable,  in  the  uncertain  state 
of  his  health,  to  support  the  discomforts — ^long  since  banished  with  the 
wolves  and  jackals — of  a  residence  at  Observatory  Hill.  He  became 
astronomer  royal  for  Scotland  in  1834,  and  died  suddenly  of  heart  dis- 
ease ten  years  later. 

The  third  astronomer  at  the  Cape,  and  the  first  whose  term  of  activity 
there  was  prolonged  to  a  fitting  conclusion,  was  an  Irishman.  Sir 
Thomas  Maclear  was  bom  at  Newtown  Stewart,  in  County  Tyrone,  March 
17, 1794.  His  career,  like  those  of  his  predecessors,  swerved  insensibly 
towards  the  stars.  He  was  a  physician,  practicing  at  Biggleswade, 
in  Bedfordshire,  whose  astronomical  proclivities  had  been  fostered  by 
the  genial  influence  of  Admiral  Smyth,  when  summoned,  as  one  may 
''^Yj  ^  ^^©  celestial  charge  of  the  southern  hemisphere. 
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Tbe  royal  observatories  at  Greenwich  and  the  Cape  r>f  Go(hI  Hope 
form  together  an  astronomical  establishment  srlch  as  no  other  nation 
besides  our  own  can  boast  of  possessing.  It  fitly  ^presents  the  worlds 
wide  dominion  of  which  it  is  the  coi^ollary.  British  empire  on  th^  seas 
led  directly  to  British  empire  over  the  skies,  the  one  gaining  complete* 
nessas  the  inevitable  consequence  of  the  expansioh  of  th^  other.  South- 
em  astronomy  seems  the  proper  appanage  of  the  Anglo-Saxon  tace* 
Originating  with  Halley's  expedition  to  St.  Helenti  in  1677,  Lacaille^t^i 
work  at  the  Cape  formed  the  only  (exception  worth  mentioning  to  the 
rule  of  its  prosecution  by  our  fellow-eotiutrymen  on  either  side  of  thtft 
Atlantic.  So  far,  indeed^  as  geometrical  astronomy  is  concerned,  it 
would  survive,  without  Vital  injury,  the  destruction  of  all  results  except 
those  obtained  at  Greenwich  and  the  Cape.  Geometrical  astronomy  iii 
no\i^  however  only  one^  though  the  most  important,  bmuch  of  the 
science* 

Sir  Thomas  Madear  proved  an  indefatigable  ttnd  skillful  obserVen 
He  co-operated  energetically  with  Sir  John  Herschel,  whose  memorable 
st(iy  at  Feldhausen^  3  miles  from  the  Eoyal  Observatory,  coincided  with 
the  first  four  years  of  his  tenUre  of  oMce»  He  re-measured  and  ex^ 
tended  Lacaille's  arc,  thereby  not  only  removing  all  doubt  as  to  the 
conformity  to  scientific  prediction  of  the  earth's  figure,  but  providing 
an  invaluable  groundwork  for  the  survey  of  the  entire  colony,  noW  in 
active  course  of  prosecution  by  Maj.  Morris,  R.  Ei  The  long  list  of 
comets  observed  by  Mallear  includes  Halley's,  Donati's,  Biela's,  Buckets 
at  four  returns,  and  the  great  "  southern"  one  of  1843.  He  accumu- 
lated materials  for  three  star  catalogues^  prepared  for  the  press  and 
published  by  his  successors,  Mr.  Stone,  the  present  Kadclifie  observer, 
and  Dr.  Gill.  And  so  completely  had  his  interests  become  identified 
with  those  of  his  adopted  home  that  he  continued,  after  retiring  from 
the  observatory  in  1870,  to  reside  in  its  vicinity;  and  on  his  death, 
July  14, 1879,  was  laid  to  rest  within  its  grounds.  His  son,  Mr.  George 
Maclear,  retains  charge  of  the  transit  circle  procured  by  his  father  in 
1855.  It  is  an  exact  copy  of  that  erected  by  Sir  George  Airy  at  Green- 
wich. 

Mr.  Stone  was  chief  assistant  at  Greenwich  when  Induced  to  accept 
the  appointment  to  the  Cape  by  the  opportunity  it  offered  for  the  prep- 
aration of  an  extensive  star  catalogue,  by  the  comparison  of  which 
with  the  earlier  Madras  and  Brisbane  catalogues  something  might  be 
learned  about  the  movements  of  southern  stars.  This  object  was  most 
satisfactorily  attained  by  the  publication  of  the  "  Cape  Catalogue  for 
1880,'*  containing  nearly  12,500  accurately  determined  star-places.  By 
a  pure  coincidence.  Dr.  Gould's  simultaneous  work  at  Cordoba  had  the 
same  scoi)e.    Its  brilliant  results  are  familiar  to  all  astronomers. 

Mr.  Stone  surrendered  the  direction  of  the  observatory,  in  June,  1879, 
to  the  present  royal  astronomer.  Dr.  Gill  is  one  of  a  long  line  of  dis- 
tinguished Aberdonians.    An  astronomer  by  "  irresistible  impulse,"  he, 
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like  Bessel,  exchanged  lucrative  mercantile  pursuits  for  the  compara- 
tively scanty  emoluments  awaiting  the  votaries  of  the  stars.  The 
"  patines  of  bright  gold,"  with  which  Urania's  treasure  chests  overflow, 
are  not  of  torrestial  coinage. 

The  distance  of  the  sun  was  the  first  problem  upon  which  Dr.  Gill 
delivered  a  substantial  attack ;  and  his  solution  of  it  still  remains  the 
best  obtained  by  celestial  trigonometry,  corresponding  so  closely  with 
Newcomb's  value  of  the  same  great  unit,  derived  from  direct  measure- 
ment of  the  velocity  of  light,  as  to  reduce  within  reassuringly  narrow 
limits  the  uncomfortable  margin  of  uncertainty  left  by  the  transits  of 
Venus.  In  the  observations  of  Mars  made  for  this  purpose  at  Ascen- 
sion in  1877,*  Dr.  Gill  employed  the  instrument  of  his  predilection, 
called— on  the  lucus  &  non  lucendo  principle — a  *'  heliometer.'' 

A  heliometer  is  a  telescope  of  which  the  object  glass  has  been  sawn 
in  two.  This  does  not  sound  like,  nor  would  it  be,  an  improvement  for 
purposes  of  simple  star-gazing;  but  the  end  in  view  is  diflferent.  It  is 
that  of  precisely  determining  the  angular  distances  between  adjacent 
stars,  or  between  a  planet  and  stars  near  it,  though  in  many  cases  be- 
yond the  range  of  the  ordinary  micrometer.  The  following  is  the  way 
in  which  this  end  is  compassed. 

The  half  lenses  of  the  object  glass  are  separable  by  a  very  fine  screw 
motion,  and  they  form  independent  and  separable  images  of  any  object 
upon  which  the  telescope  is  pointed.  These  images  unite  into  one  when 
the  two  segments  unite  to  complete  one  circle;  as  they  are  made  to 
slide  apart,  the  images  to  slip  sideways  asunder,  to  an  extent  which  can 
be  measured  with  the  minutest  accuracy  by  exquisitely  divided  scales 
read  with  a  powerful  microscope.  In  the  actual  process  of  observation, 
the  telescope  is  fixed  upon  a  point  midway  between  the  stars  under 
scrutiny,  so  that  the  field  of  view  is,  to  begin  with,  empty.  Neither  star 
can -be  seen.  Then  the  segments  of  the  object  glass  are  moved  oppo- 
sitely along  a  line  brought  beforehand  to  agree  with  the  line  of  direc- 
tion between  the  stars,  until  the  more  westerly  (say)  of  the  pair  as 
imaged  by  one  segment,  and  the  more  easterly  as  imaged  by  the  other, 
begin  simultaneously  to  appear,  and  are  at  last  carefully  made  to  coin- 
cide in  the  middle  of  the  field.  After  the  scales  have  been  read,  the 
motion  is  reversed,  and  a  similar  coincidence  is  brought  about,  between 
the  oppositely  corresponding  stars — that  is,  between  the  easterly  mem- 
ber of  the  pair  shown  by  segment  No.  1,  and  the  westerly  member  of 
the  pair  shown  by  segment  No.  2.  The  total. distance  traversed  is,  of 
course,  equal  to  twice  the  distance  between  the  stars. 

The  refinements,  however  (which  can  not  here  be  explained),  attend- 
ant upon  these  operations  are  what  make  their  results  valuable,  and 
the  process  of  educing  them  laborious.  With  the  Copernican  "tri- 
quetrum "  the  measured  apparent  intervals  between  any  two  of  the 

*  For  a  popular  account  of  the  expedition,  see  Mrs.  Gill's  charming  **  Six  Months  in 
cension."    Murray.     Second  edition.     1880. 
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heavenly  bodies  could  be  depended  upon  to  within  ten  minutes;  with 
the  new  Eepsold  heliometer  the  error  of  a  single  observation  is  less 
than  one-tenth  of  a  second  of  arc.  So  that  accuracy  has  been  increased, 
in  the  course  of  three  and  a  half  centuries,  some  six  thousand  times. 
At  what  cost  of  patience  and  expenditure  of  the  counted  moments  of 
individual  human  lives,  as  the  fruit  of  what  illuminations  of  genius, 
throes  of  invention,  failures,  and  disappointments  in  some  quarters, 
comx)ensatory  triumphs  in  others,  can  never  rightly  be  told.  The  prog- 
ress achieved  was  by  "leaps  and  bounds;"  it  must  henceforth  be  by 
slow  and  painful  foot  lengths,  as  the  limit  of  possible  accuracy  is  brought 
imperceptibly  nearer.  It  is  not  likely  that  the  astronomical  data  of 
three  and  a  half  centuries  hence  will  be  six  thousand  times  more  ac- 
curate than  those  at  our  disposal. 

The  heliometer  is,  of  all  others,  the  instrument  best  adapted  for  the 
work  (exceedingly  simple  in  principle,  yet  delicate  to  an  almost  incon- 
ceivable degree  in  the  details  of  its  execution)  of  determining  stellar 
parallaxes.  The  diameter  of  the  earth's  orbit  affords  a  base  line 
186,000  miles  in  length,  from  opposite  extremities  of  which — ^that  is, 
at  opi>o8ite  seasons  of  the  year — ^the  distances  between  the  object  to 
be  examined  and  two  '*  comparison  stars'^  are  measured.  The  infinites- 
imal alternate  shift  of  the  star  nearest  the  earth  to  and  from  those  with 
which  it  is  compared  (assumed  with  little  risk  of  error,  to  be  indefi- 
nitely remote)  is  called  its  "  parallax."  From  its  angular  amount  the 
distance  in  miles  of  the  star  from  the  earth  can  be  at  once  derived. 

The  minuteness  of  this  little  parallactic  see-saw  is  difficult  to  be  real- 
ized by  those  unpracticed  in  such  matters.  A  displacement  of  one  sec- 
ond on  the  sphere  is  equivalent  to  a  shifting  across  the  width  of  a 
human  hair  placed  70  feet  from  the  eye.  But  no  known  star  has  so 
large  a  parallax  as  one  second,  which  is  as  much  as  to  say  that  no 
known  star  is  so  near  to  us  as  200,000  times  the  distance  of  the  sun. 
Positive  results  might,  under  these  circumstances,  well  have  been  de- 
spaired of;  yet  they  have,  in  a  number  of  cases,  been  attained,  and 
form  the  surest  groundwork  so  far  provided  for  investigations  into  the 
mechanism  of  the  skies. 

Dr.  Gill's  observations  for  stellar  parallax  were  begun  at  the  Gai>e 
July  5, 1881,  with  the  Dunecht  heliometer,  of  which  he  had  become  the 
possessor  by  private  purchase  from  the  Earl  of  Crawford.  He  had  as  a 
coadjutor  Dr.  W.  L.  Elkin,  who  is  now  in  very  effective  charge,  at  Yale 
College,  of  the  only  heliometer  yet  erected  on  any  part  of  the  American 
continent.  Nine  stars  in  all  were  measured,  of  which  t\^'o  gave  no  in- 
dications of  i)ossessing  any  sensible  parallax.  Both,  remarkably  enough, 
are  brilliant  stars  of  the  first  magnitude — Canopus  and  Beta  Centaur! — 
which,  to  shine  as  they  do,  from  unfothomable  depths  of  space,  must  be 
objects  of  astounding  splendor.  Canopus,  especially,  can  not  emit  less, 
and  may  emit  a  great  deal  more,  than  fifteen  hundred  times  the  light 
of  our  sun,  unless,  indeed.  Dr.  Elkin's  "comparison  stars"  should  turn 
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out  to  be  physically  connected,  consequently,  at  nearly  the  same  dis- 
tance from  ourselves  with  the  giant  luminary  they  attend.  This  doubt 
will  shortly  be  set  at  rest  by  Dr»  Gill's  measurtds^  now  being  carried  out 
with  a  different  pair  of  stars. 

Sirius  was  showri  by  the  observations  of  1881-'83  to  be  at  a  distance 
such  that  its  light  occupies  nearly  nine  years  in  reaching  us.  Its  real 
brightness  is  that  of  sixty-three  suns,  while  it  attracts  the  semi-obscure 
body  circulating  round  it  in  forty-nine  years,  with  ho  more  than  thrice 
the  solar  jwwer.  This  extraordinary  luster  relative  to  mass  seems  to 
belong  to  all  stars  of  the  Sirian  pattern  as  to  spectrum,  and  is  due  most 
likely  in  part  to  their  elevated  temperatures,  in  part  to  the  scantiness 
of  their  vaporous  surroundings. 

The  success  of  the  Cape  investigations  in  this  difficult  branch  of  as» 
tronomy  invited  their  continuation  on  a  larger  scale,  and  with  more 
powerfol  instrumental  means.  The  Government  was  accordingly  in- 
duced to  sanction  the  construction,  by  Messrs.  Eepsold  of  Hamburg, 
of  a  new  heliometer  of  above  7  inches  aperture,  mounted  last  year  in  a 
building  erected  for  its  reception  on  the  summit  of  the  sunny  slopes  of 
Observatory  Hill.  The  first  view  of  this  great  star-measuring  machine 
has,  it  must  be  admitted,  a  somewhat  bewildering  effect  'upon  the  un- 
initiated onlooker.  The  eye^end  literally  bristles  with  steel  rods,  han- 
dles, and  screw-heads,  almost  as  numerous  as  the  stops  of  an  organ, 
and  requiring  no  less  skill  and  knowledge  for  their  proper  use.  The 
revolving  "  head''  is  armed  with  a  strange-looking,  radiated  head-gear, 
like  the  sails  of  a  windmill,  or  a  nimbus  of  tin  sectors  surviving  from  a 
barbarous  age. 

Everything  here  has  however  a  definite  purpose.  These  surprising 
"flappers"  are,  in  fact,  screens  of  wire  gauze  of  graduated  closeness, 
used  for  equalizing  the  brightness  of  the  stars  in  the  field  of  view,  and 
so  enabling  the  eye  to  hold  the  balance,  as  it  were,  even  between  them. 
The  complex  apparatus  close  to  the  observer's  hand  furnishes  him  with 
the  means  of  easy  control  over  the  whole  of  the  sky-gauging  mechanism 
provided  for  him.  None  more  perfect  has  been  devised,  yet  the  study 
of  its  "  errors  "  is  the  indispensable  preliminary  to  its  use. 

Only  the  sublime  end  in  view  could  render  tolerable  the  process  of 
arriving  at  a  complete  "theory"  of  such  an  instrument.  The  patient 
laboriousness  so  readily  commended  in  the  heroes  of  science  costs  more 
than  the  readers  of  their  biographies  are  apt  to  imagine.  Interminable 
readings  of  scale  divisions,  interminable  castings-up  of  the  columns  of 
decimals  expressing  the  differences  of  the  successive  readings,  are  not 
in  themselves  exciting  occupations.  But  they  must  be  pursued  during 
some  hours  a  day  for  a  whole  year  before  the  "division  errors"  of  the 
new  heliometer  can  be  regarded  as  completely  abolished  because  per- 
fectly known.  Kor  is  this  all.  Elaborate  corrections  and  interpreta- 
tions of  other  kinds  have  to  be  added,  to  say  nothing  of  endless  and 
anxious  precautions  in  the  observations  themselves — precautions 
against  personal  and  physiological,  as  well  as  against  atmospheric  and 
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iusirumental,  causes  of  errot.  Accuracy  is  indeed  arduous;  and  the 
astronomer  who  is  not  what  the  old  Botttans  used^  in  their  grand  way, 
to  look  down  upon  as  a  cumini  sector ,  had  better  learn  another  profes- 
sion. 

Twenty-seven  stars  in  the  southern  hemisphere  are  now  being,  or  are 
about  to  be,  measured  for  parallax  with  the  Cape  heliometer.  Their 
selection  was  governed  by  the  ultimate  object  of  gathering  information 
as  to  the  scale  and  plan  of  the  marvellous  aggregation  of  suns  to  which 
our  sun  belongs,  and  amidst  which  it  is  moving,  in  an  unknown  orbit, 
tp  meet  unknown  destinies.  For  this  purjiose,  facts  of  two  kinds  are 
urgentlyneeded — facts  relative  to  the  real  distribution,  andfacts  relative 
to  the  real  movements  of  the  stars  in  space.  Dr.  Gill's  operations,  when 
completed,  can  not  fail  to  bring  important  reinforcements  to  our  present 
small  store  of  each. 

Ten  stars  of  the  first  magnitude  lie  to  the  south  of  the  celestial  equa- 
tor, of  which  nine  (Alpha  Centauri  being  already  safely  disposed  of) 
are  in  course  of  measurement  at  intervals  of  six  months.  The  upshot 
will  be  to  give  the  average  distance  corresponding  to  the  first  order  of 
stellar  brightness  in  the  southern  hemisphere.  An  analogous  result 
has  lately  been  published  by  Dr.  Elkin  for  the  ten  chief  northern  lumi- 
naries. Their  distance,  "all  round,''  proves  to  be  thirty-six  "light- 
years."  That  is  to  say,  light  from  their  photospheres  aftects  our  senses 
only  after  our  planet  has  revolved,  on  an  average,  thirty-six  times  in 
its  orbit  round  the  sun.  So  that  aU  our  knowledge,  even  of  the  stars 
presumably  nearest  to  the  earth,  refers,  in  this  year  1889,  to  the  "mean 
epoch  "  1853.  We  shall  learn  presently  whether  the  "  mean  epoch  "  for 
the  southern  bright  stars  corresponds  approximately  to  this  date,  or 
whether  a  marked  disparity  may  countenance  the  surmise  of  our  eccen- 
tric situation  in  the  group  of  luminaries  to  which  our  sun  more  espe- 
cially belongs. 

Dr.  Gill's  list  includes  five  second  magnitude  stars,  the  annual  per- , 
spective  displacements  of  which  (if  large  enough  to  be  measurable)  will 
give  something  like  a  definite  scale  of  increasing  distance  with  de- 
creasing luster.  A  conclusion  will  then  be  feasible  as  to  the  rate  of 
movement  of  the  sun  in  space.  The  elder  Struve  made  it  about  5  miles 
a  second,  but  on  the  supposition  of  the  brightest  stars  being  between 
two  and  three  times  nearer  to  us  than  they  seem  really  to  be.  We  can 
now  see  that  the  actual  speed  of  the  solar  system  can  scarcely  fall  short 
of  12,  or  exceed  20  miles,  a  second.  By  a  moderate  estimate,  then,  our 
position  in  space  is  changing^to  the  extent  of  600,000,000  of  miles  annu- 
ally, and  a  collision  between  our  sun  and  the  nearest  fixed  star  would 
be  inevitable  (were  our  course  directed  in  a  straight  line  toward  it)  after 
the  lapse  of  fifty  thousand  years ! 

The  old  problem  of  "  how  the  heavens  move,"  successfully  attacked 
in  the  solar  system,  has  retreated  to  a  stronghold  among  the  stars,  from 
which  it  will  be  difficult  to  dislodge  it.  In  the  stupendous  mechanism 
of  the  sidereal  universe,  the  acting  forces  can  only  betray  themselves  to 
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US  by  the  varying  time  configuratious  of  its  parts.  But  as  yet  our 
knowledge  of  stellar  movements  is  miserably  scanty.  They  are  appar- 
ently so  minute  as  to  become  perceptible,  in  general,  only  through  ob- 
servations of  great  precision  extending  over  a  number  of  years.  Even 
the  quickest-moving  star  would  spend  two  hundred  and  fifty-seven  years 
in  crossing  an  arc  of  the  heavens  equal  to  the  disc  of  the  full  moon. 
Yet  all  t}ie  time  (owing  to  the  inconceivable  distances  of  the  objects  in 
motion)  these  almost  evanescent  displacements  represent  velocities  in 
many  cases  so  enormous  as  to  baffle  every  attempt  to  account  for  them. 
"Kunaway  stars  ^  are  no  longer  of  extreme  rarity.  One  in  the  Great 
Bear,  known  as  "  Groombridge,  1830,"  invisible  to  the  naked  eye,  but 
sweeping  over  at  least  200  miles  each  second,  long  led  the  van  of  stellar 
speed.  Prof.  Pritchard's  photograpic  determination  of  the  parallax  of 
IX  CassiopeisB  shows,  however,  that  inconspicuous  object  not  only  to  be 
a  sun  about  forty  times  as  luminous  as  our  own,  but  to  be  traveling  at 
the  prodigious  rate  of  300  miles  (while  Dr.  Elkin's  result  for  Arcturus 
gives  it  a  velocity  of  little  less  than  400  miles)  a  second! 

The  ^'express"  star  of  the  southern  hemisphere,  so  far,  is  one  of  the 
fourth  magnitude  situated  in  Toucan.  Its  speed  of  about  200  miles  a 
second  may  however  soon  turn  out  to  be  surpassed  by  some  of  the 
rapidly-moving  stars  picked  out  for  measurement  at  the  Cape.  Among 
them  are  some  pairs  "drifting"  together,  and  presumed  therefore  to  be 
connected  by  a  special  physical  bond,  and  to  lie  at  nearly  the  same  dis- 
tance from  ourselves.  This  presumption  will  now  be  brought  to  the 
test. 

A  remarkable  and  typical  change  has  affected  the  aims  pursued  at 
our  southern  national  observatory  since  Dr.  Gill  assumed  its  direction. 
There  has  been  a  widening  of  purpose  matching  the  widened  scope  of 
astronomical  science  due  to  the  development  of  new  methods.  The 
practical  usefulness  of  the  establishment  was  never  more  conspicuous 
than  at  present.  The  shipping  interests,  railway  service,  and  survey- 
ing operations  of  South  Africa  are  in  immediate  dependence  upon  it. 
The  whole  fabric  of  the  "  old  astronomy" — so  far  as  one  hemisphere  is 
concerned — ^is  held  together  by  the  re-determinations  of  "  fundamental" 
and  "  standard  "  stars  continually  in  progress  at  it.  But  while  noth- 
ing of  what  was  previously  held  in  view  has  been  relinquished,  much 
of  incalculable  value  has  been  added.  Above  all,  the  ideal,  or  purely 
intellectual,  side  of  astronomy  has  obtained  recognition,  and  in  a  form 
likely  to  be  memorable  in  the  history  of  the  science. 

The  celestial-photographic  Paris  Congress  of  April,  1887,  might  be 
called  "  epoch  making,"  for  this  reason  alone — ^that  it  marked,  officially 
and  forever,  investigations  into  the  structure  of  the  sidereal  universe 
as  part  of  the  proper  duty  of  astronomers.  These  inquiries,  the  most 
sublime  of  the  physical  kind  with  which  the  mind  of  man  can  be  occu- 
pied, will  not  henceforth  be  abandoned  to  individual  caprice,  to  be 
prosecuted  by  necessarily  inadequate  mea,ns,  and  neglected  when  those 
means  (as  they  could  not  fail  to  do)  should  collapse  under  the  strain 
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put  ui)on  them.  They  will  be  pursued  gravely,  systematically,  by  the 
concerted  efforts  of  successive  generations,  through  the  toil  of  innu- 
merable unpretending  workers  guided  to  effectiveness  by  the  highest 
intelligence  of  the  times.  A  measure  of  success  is,  under  these  circum- 
stances, certain,  and  even  a  small  measure  of  success  in  this  direction 
will  suffice  to  broaden  and  deepen  the  channels  of  all  future  human 
thought. 

Hence  the  profound  significance  of  the  decisions  of  the  Paris  Congress, 
by  which  an  international  scheme  for  photographically  charting  the 
heavens  and  cataloguing  a  large  proportion  of  their  contents  was  set 
on  foot.  Fortunately  for  its  own  reputation  our  Government,  after 
long  delay,  has  adopted  what  might  have  seemed  the  foregone  conclu- 
sion that  a  share  in  this  work  is  England's  right  and  duty,  and  has  au- 
thorized the  construction  of  the  requisite  instruments  for  Greenwich  anU 
the  Cape.  Before  another  year  has  elapsed  they  will  be  mounted  in 
their  re8X)ective  places  and  the  recording  process,  to  be  carried  on  simul- 
taneously at  fourteen  or  fifteen  observatories  in  every  part  of  the  world, 
will  have  begun. 

Meanwhile  Dr.  Gill,  to  whose  initiatory  energy  the  approaching  reali- 
zation of  this  great  plan  is  due,  has  almost  completed  a  preliminary  task 
of  vital  importance  to  its  due  accomplishment,  as  well  as  to  sidereal 
science  in  general.  One  of  the  most  &mous  achievements  of  recent  as- 
tronomy is  the  "J5<mn  Durchmusterung^^  a  list  of  324,000  stars  from  the 
l^orth  Pole  to  2  degrees  south  of  the  equator,  observed  by  Argelander 
at  Bonn.  Until  it  was  compiled  the  smaller  stars  were  a  nameless 
crowd  with  no  recognized  identity.  For  the  purposes  of  science  they 
could  scarcely  be  said  to  exist.    But  once 

Set  in  note-book,  learned  and  conned  by  rote, 
their  changes  could  no  longer  elude  notice;  and  detected  change  leads 
commonly  to  increased  knowledge.    A  solid  foundation  was  moreover 
laid  for  the  study  of  sidereal  statistics,  destined,  perhaps,  to  lead  to 
momentous  results  at  no  distant  future. 

An  extension  of  the  ^^  Burchmusterung^^  to  the  southern  hemisphere 
was  contemplated  from  the  first,  but  was  more  easy  to  contemplate 
than  to  execute.  No  southern  observatory  was  in  a  condition  to  un- 
dertake a  task  so  colossal.  Dr.  Schonfeld,  Argelander's  successor  at 
Bonn,  carried,  however,  the  enumeration  as  far  as  the  southern  tropic, 
where  it  seemed  likely  to  stop,  when  some  surprising  photographs  of  the 
great  comet  of  1882,  projected  on  wide  fields  of  stars,  taken  at  the 
Koyal  Observatory  with  the  help  of  Mr.  Allis,  of  Mowbray,  opened  to 
Dr.  Gill  the  possibility  of  completing  Argelander's  stellar  review  by 
this  relatively  unlaborious  noiethod.  And  the  possibility  is  rapidly 
being  converted  into  an  accomplished  fact.  Two  assistants,  Mr.  C.  Ray 
Woods  and  Mr.  Sawerthal,  are  employed  every  fine  night  in  expos- 
ing plates  with  instruments,  each  consisting  virtually  of  two  telescopes, 
one  for  concentrating  nj)on  the  plates  the  rays  of  the  multitudinous 
stars  within  a  field  of  36  square  degrees,  the  other  for  enabling  the 
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operator  to  keep  tbem  steadily  there  until  their  self-portraiture  is 
finished.  The  whole  heavens,  south  of  the  tropic  of  Capricorn,  will  have 
been  covered  in  duplicate  by  next  April,  after  which  only  some  supple- 
mentary exx)osures  will  remain  to  be  made. 

Prof.  Kapteyn,  of  Leyden,  is  meanwhile  busy  measuring  the  plates 
successively  transmitted  to  him  from  the  Gape,  and  the  resulting  cata- 
logue— ^the  first  derived  fixim  photographs — will  probably  be  in  the 
hands  of  astronomers  by  the  year  1892.  All  stars  down  to  the  ninth 
magnitude,  and  many  fainter,  will  be  included  in  it  to  the  number  of 
folly  two  hundred  thousand.  This  important  enterprise  is  a  private 
and  personal  one.  The  entire  responsibility  for  it,  financial  and  other, 
is  borne  by  Dr.  GiD. 

There  is  a  prospect  that  before  another  year  has  elapsed,  the  vexed 
question  of  the  sun's  distance  will  have  been  definitely  set  at  rest. 
The  immediate  objects  of  measurement  for  the  purpose  with  the 
Gape  heliometer,  in  combination  with  some  other  instruments  of  the 
same  class  in  Germany  and  America,  are  three  of  the  minor  planets — 
Iris,  in  October  and  November,  1888;  Sappho  and  Victoria  during  the 
summer  of  1889.  The  position  of  the  planet  between  successive  pairs 
of  stars  distributed  along  its  path  during  the  favorable  period  when  it 
culminates  near  midnight  will  be  determined  simultaneously  from  op- 
posite sides  of  the  equator  according  to  a  method  devised  by  Dr.  Gill, 
so  stringent  and  insistent  for  accuracy  that  the  errors  admitted  by  it 
must  be  minute  indeed.  While  celestial  surveyors  have  270  asteroids 
at  their  disposal  to  mark  the  apexes  of  their  triangles,  the  long  gaps 
of  time  between  the  transits  of  Venus  need  be  of  little  concern  to  them. 

To  describe  the  whole  of  the  tasks  in  progress  at  the  Boyal  Obser- 
vatory— the  cometary  work  chiefly  in  the  hands  of  Mr.  Finlay,  the  first 
assistant,  the  lunar,  and  planetary  observations,  the  laborious  correc- 
tions of  star  places  and  star  motions — would  demand  more  space  than 
is  at  our  command.  What  has  here  been  aimed  at  is  merely  to  indi- 
cate the  directions  in  which  the  activity  of  the  esti^blishment  tends  to 
expand,  and  to  show  that  these  directions  are  representative  of  the 
present,  and  must  be  decisive  as  to  the  future  of  astronomy.  There  is 
room  indeed,  were  the  material  means  at  hand,  for  ftirther  expansion. 
In  the  spectroscopic  department  the  Cape  record  is  still  a  blank.  Yet 
the  wise  outlay  of  a  few  hundred  x)ounds  would  suffice  to  set  on  foot, 
under  exceptionally  favorable  circumstances  as  to  climate  and  situa- 
tion, inquiries  into  the  physical  condition  of  southern  stars  of  extreme 
interest  and  inevitable  necessity. 

There  is  much  to  be  learned,  as  well  as  enjoyed,  firom  a  visit  to  the 
Cape  Observatory.  Not  only  the  work  done  there,  but  the  manner  in 
which  it  is  done,  is  impressive.  Lessons  of  earnestness  of  purpose, 
stability  of  aim,  and  cheerful  self-devotion  can  scarcely  be  missed  by 
the  itinerant  lover  of  astronomy,  in  whose  mind  they  will  be  tempered 
and  illuminated  by  reminisc(Mices  of  the  beauty  of  flowers  by  day  and 
of  the  glory  of  stars  at  night. 
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I. — SOME  PHYSICAL  AND  MATHEMATICAL  DATA. 

Many  of  the  terms  employed  in  treating  of  the  properties  and  condi- 
tions of  matter  have  in  common  use  a  somewhat  vague  meaning.  The 
meaning,  so  far  as  clearly  outlined,  is  also  only  too  often  different  from 
that  which  the  physicist  intends  to  convey.  As  regards  terms  such  as 
rigid,  solid,  plastic,  viscous,  etc.,  it  seems  to  me  that  even  eminent 
geologists  are  apt  to  be  misled  by  the  popular  usage,  so  that  they  fall 
into  error  respecting  the  data  which  mathematical  and  physical  science 
places  at  their  disposal.  It  thus  seems  advisable  on  the  present  occa- 
sion to  clear  the  ground  by  briefly  considering  the  sense  attached  to 
these  terms  by  the  more  exact  school  of  physicists.  To  render  the  fol- 
lowing statements  intelligible  it  is  ne<^ssary  to  explain  the  meaning 
scientifically  attached  to  the  terms  stress  and  strain.  By  stress  is 
meant  a  force  referred  to  unit  of  area  of  the  surface  across  which  it 
acts;  by  strain  the  increase  in  the  distance  between  two  material  points 
divided  by  the  original  distance.  For  instance,  if  a  vertical  bar  n 
square  inches  in  cross  section  fixed  at  the  upper  end,  sustain  a  load  of 
t  tons,  and  the  load  be  uniformly  distributed  over  the  cross  section,  the 
longitudinal  stress  is  tn,  taking  the  square  inch  as  unit  of  area  and  the 
weight  of  1  ton  as  unit  of  force.  If  a  portion  of  the  bar  increase  in 
length  from  100  to  100.01  inches,  and  the  increase  be  uniformly  distrib- 
uted over  the  portion  lengthened,  the  longitudinal  strain  is  (100.01 — 
100)xlO— •,  or  .0001. 

The  writers  who  have  had  most  influence  on  the  present  scientific 
usage  of  English  terms  dealing  with  physical  properties  are  unquestion- 
ably Prof.  Clerk  Maxwell  and  Sir  William  Thomson.  The  former 
gives  the  following  definitions  in  his  Theory  of  Heat  t :  "A  body  which 
when  subjected  to  a  stress  experiences  no  strain  would,  if  it  existed,  be 
called  a  perfectly  rigid  body.    There  are  no  such  bodies.     -     -     -^ 


•From  the  L.  E.  7>.  Phil.  Mtm.,  September  aud  Ot-tober,  1891;  vol.  xxxii,  pp. 
233-252,  and  342-353. 

t  Fifth  edition,  chapter  xxi. 
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"A  body  wbich  when  subjected  to  a  given  stress  at  a  given  tempera- 
ture experiences  a  strain  of  definite  amount^  wbich  does  not  increase 
when  the  stress  is  prolonged,  and  which  disappears  completely  when 
the  stress  is  removed,  is  called  a  perfectly  elastic  body.'' 

"If  the  form  of  the  body  is  found  to  be  permanently  altered  when 
the  stress  exceeds  a  certain  value,  the  body  is  said  to  be  soft  or  plastic, 
and  the  state  of  the  body  when  alteration  is  just  going  to  take  place 
is  called  the  limit  of  perfect  elasticity." 

"  If  the  stress,  when  it  is  maintained  constant,  causes  a  strain  -  -  - 
which  increases  continually  with  the  time,  the  substance  is  said  to  be 
viscous." 

A  viscous  material  may  be  either  solid  or  fluid.  It  is  regarded  by 
Maxwell  as  fluid  when  any  stress,  however  small,  i>roduces  a  constantly 
increasing  strain.  Maxwell  draws  a  distinction  between  elasticity  of 
bulk  and  elasticity  of  shape — ^the  latter  being  j)eculiar  to  solids — ^which 
is  more  fully  treated  of  by  Sir  William  Thomson.  A  body  possesses 
perfect  elasticity  of  bulk  when  on  the  removal  of  the  stress  it  returns 
to  its  original  volume,  even  though  the  form  of  its  surface  be  perma- 
nently altered.  Both  writers  regard  it  as  certain  that  solid  bodies  will 
retain  perfect  elasticity  of  bulk  under  compressive  stresses  which  far 
exceed  the  limit  of  elasticity  of  shape.  The  following  statement  em- 
bodies the  views  of  Sir  W.  Thomson* :  "  If  we  reckon  by  the  amount 
of  pressure,  there  is  probably  no  limit  to  the  elasticity  of  bulk  in  the 
direction  of  the  increase  of  pressure  for  any  solid  or  fluid;  but  whether 
continued  augmentation  produces  continued  diminution  of  bulk  toward 
zero  without  limit,  or  whether  for  any  or  every  solid  or  fluid  there  is  a 
limit  toward  whUih  it  may  be  reduced  in  bulk,  but  smaller  than  which 
no  degree  of  pressure,  however  great,  can  condense  it,  is  a  question 
which  can  not  be  answered  in  the  present  state  of  science." 

MaxweU,  by  denying  the  existence  of  a  perfectly  rigid  body,  main- 
tains that  every  solid  can  sustain  stress  or  transmit  force  only  by  suf- 
fering strain.  Thus,  on  depositing  a  feather  on  the  most  solid  block  of 
iron  we  produce  in  the  iron  a  system  of  strains,  infinitesimally  small  it 
is  true,  but  whose  existence  can  no  more  be  questioned  than  the  exist- 
ence across  the  surface  separating  the  iron  and  the  feather  of  forces 
balancing  the  portion  of  the  feather's  weight  left  uncompensated  by 
the  air  pressure.  The  hypothesis  quoted  above  from  Sir  W.  Thomson, 
that  there  may  be  a  limit  beyond  which  no  body  can  be  compressed,  is 
not  inconsistent  with  Maxwell's  statement.  The  hypothesis  regards 
the  ratio  of  the  increment  of  strain  to  the  increment  of  pressure  as  ulti- 
mately becoming  infinitesimally  small,  but  it  in  no  way  implies  that 
this  ratio  ever  becomes  absolutely  zero. 

In  a  solid  bar,  supposed  perfectly  elastic,  exposed  to  longitudinal 
stress,  the  ratio  of  the  stress  to  the  strain  is  styled  Young's  modulus.  In 
many  materials  Young's  modulus  varies  in  magnitude  according  to  the 


*  Maihenuitic(^l  and  Phifsical  Papers,  vol.  in,  pp.  7-8. 
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direction  in  wliicli  the  axis  of  the  bar  is  taken.  Thus,  in  ordinary 
woods  there  is  a  marked  difiference  between  the  value  of  Young's  mod- 
ulus in  the  direction  of  the  pith  of  the  tree  and  in  any  x>erpendicular 
direction.  Materials  in  which  Young's  modulus  is  independent  of  the 
direction  in  which  the  axis  of  the  experimental  bar  is  taken  are  termed 
isotropic;  dll  others  are  termed  aeolotropic. 

In  an  isotropic  elastic  solid  it  is  supposed,  on  the  ordinary  British  or 
biconstant  theory,  that  the  value  of  Young's  modulus,  E,  alone  is  insuf- 
ficient to  define  the  elastic  structure,  and  that  some  other  elastic;  con- 
stant must  be  known.  For  many  purposes  the  most  convenient  addi- 
tional constant  is  the  ratio  of  the  lateral  contraction  to  the  longitudinal 
extension — each  measured  per  unit  of  length — in  a  bar  exposed  to  sim- 
ple longitudinal  traction.  For  instance,  if  the  diameter  of  a  bar  under 
uniform  longitudinal  stress  change  from  10  to  9*9907  inches  the  lateral 
contraction  is  0*00003,  and  if  the  longitudinal  strain  be  0*0001,  the  ratio 
of  lateral  contraction  to  longitudinal  extension  is  0*3.  This  ratio  is 
termed  Poisson's  ratio,  and  is  represented  here  by  ;;. 

On  the  uniconstant  theory  of  isotropy  v  must  have  the  value  0*25, 
which  certainly  accords  well  with  experiments  on  glass  and  some  of 
the  more  common  metals,  especially  iron  and  steel  under  certain  con- 
ditions. 

On  the  biconstant  theory  ;;  may  have  any  value  within  certain  limits. 
The  existence  of  these  limits,  it  must  be  admitted,  is  seldom  recog- 
nized, and  experimental  results  are  not  infrequently  referred  to  which 
are  inconsistent  with  the  view  taken  here,  viz,  that  tj  must  lie  between 
0  and  0.6.  If,  however,  ;;  were  negative  in  any  material  a  circular  bar 
of  this  material,  when  subjected  to  uniform  longitudinal  tension,  would 
increase  in  diameter;  while  if  tj  were  greater  than  0.5,  the  bar,  when 
fixed  at  one  end  and  subjected  to  a  torsional  couple  at  the  other,  would 
twist  in  the  opposite  direction  to  the  applied  force.  Until  these  phe- 
nomena are  shown  to  present  themselves  in  isotropic  materials — and  the 
experimental  verification  ought  to  be  easy — it  seems  legitimate  to  sap- 
pose  that  when  experimentalists  deduce  values  for  rj  which  lie  outside 
of  these  limits,  their  experiments  refer  to  bodies  whose  constitution  is 
different  from  what  is  assumed  in  their  mathematical  calculations. 

The  properties  attributed  to  an  isotropic  elastic  solid  by  the  ordinary 
mathematical  theory  are  as  follows: 

(A)  The  strain  must  be  elastic,  u  e,,  it  must  disappear  on  the  removal 
of  the  stress. 

(B)  The  ratio  of  stress  to  strain  must  be  independent  of  the  magni- 
tude of  the  stress,  or,  in  Prof.  Pearson's  words,  the  stress-strain  rela- 
tion must  be  linear. 

(C)  The  strains  must  be  small. 

(D)  The  values  of  Young's  modulus  and  Poisson's  ratio  in  a  bar  of 
the  material  must  be  independent  of  the  direction  in  which  the  axis  of 
the  bar  is  taken. 

H.  Mis.  334,  pt.  1 9 
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The  last  property  aloue  distinguishes  i  jotropic  from  teolotropic  elastic 
solids. 

(A)  answers  to  Maxwell's  definition,  but  (B)and  (C)  are  not  assumed 
by  Maxwell.  In  other  words,  a  solid  may  be  perfectly  elastic  without 
showing  a  linear  stress-strain  relation,  or  possibly  even  after  the  strains 
have  become  large.  Thus,  for  the  sake  of  clearness,  I  shall  call  Max- 
well's limit  of  perfect  elasticity  the  i>hysical  limit,  and  the  limits  sup- 
plied by  (B)  and  (0)  the  first  and  second  mathematical  limits  respec- 
tively. 

It  is  not  infrequently  taken  for  granted  that  the  physical  and  the 
first  mathematical  limit  are  necessarily  identical,  i.  e.,  that  the  elasticity 
is  certainly  not  perfect  when  the  stress-strain  relation  ceases  to  be 
linear.  According  however  to  some  experimentalists  cast  iron  is  as 
perfectly  elastic  as  any  other  metal  in  the  sense  of  Maxwell's  definition, 
but  the  stress-strain  relation  for  even  small  strains  is  sensibly  not 
linear.*  This  is,  of  course,  a  question  for  experimentalists  to  decide, 
but  in  any  ease  where  their  final  verdict  is,  that  the  stress-strain  rela- 
tion is  sensibly  not  linear,  the  employment  of  the  ordinary  mathemati- 
cal theory  is  unjustifiable.  It  must  be  admitted,  that  the  principle  (C) 
is  a  very  vague  one,  leading  to  no  exact  limit,  and  that  it  seldom  re- 
ceives any  very  formal  acknowledgment.  It  is,  however,  clearly  rec- 
ognized, and  a  reason  for  it  assigned  in  the  following  statement,  due  to 
Thomson  and  Tait :  t  "The  mathematical  theory  of  elastic  solids  imposes 
no  restrictions  on  the  magnitudes  of  the  strei^ses  except  in  so  far  as  that 
mathematical  necessity  requires  the  strains  to  be  small  enough  to  admit  of 
the  principle  of  super-position.^^  The  italics  are  mine.  The  meaning  is 
that  the  strains  mnst  be  small  fractions  whose  squares  are  negligible 
compared  to  themselves.  If  this  principle  be  neglected  and  the  mathe- 
matical equations  be  supposed  to  apply  when  the  strains  are  large,  the 
difficulty  of  giving  them  a  consistent  physical  interpretation  is  very 
great  if  not  wholly  unsurmoun table. 

In  most  materials  having  any  claim  to  be  regarded  as  elastic  solids 
the  stress-strain  relation  for  most  ordinary  stress  systems  certainly 
ceases  to  be  linear  while  the  strains  are  still  small.  We  shall  thus  in 
the  meantime  leave  the  condition  (C)  out  of  account,  though  we  shall 
have  to  return  to  it  in  treating  of  the  so-called  "theories  of  rupture." 

The  existence  of  the  properties  (A),  (B),  (D),  presupposed  by  the 
mathematical  theory,  is  determined  not  solely  by  the  chemical  constitu- 
tion of  the  body,  but  also  by  the  treatment  to  which  it  has  been  sub- 
jected. Thus  a  freshly  annealed  copper  wire  may,  when  loaded  for  the 
first  time,  be  far  from  satisfying  conditions  (A)  or  (B),  and  yet  by  the 
process  of  loading  and  unloading  it  may  be  brought  into  a  state  of  ease, 
wherein  these  two  conditions  are  very  approximately,  if  not  exactly 


*  See  Todhunter  and  Pearsou's  History  of  Elasticity,  vol.  i,  art.  [Ull]  and  pp. 
891-«93. 
i2iat.  Phil,  vol.  i,  part  ii,  p.  422. 
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fulfilled,  80  long  as  the  stress  does  no  exceed  a  certain  limit.  Again, 
the  fact  that  a  large  mass  of  metal  is  sensibly  isotropic  is  no  sufficient 
reason  for  attributing  isotrophy  to  the  same  metal  when  rolled  into 
thin  plates  or  drawn  into  thin  wires. 

It  is  quite  possible  that  the  three  conditions  (A),  )B),  and  (D)  repre- 
sent an  ideal  state  which  is  never  actually  reached,  and  that  a  diver- 
gence may  always  be  shown  by  the  use  of  very  delicate  apparatus.  If 
this  be  true,  then  the  results  obtained  by  the  mathematical  theory  can 
not  claim  absolute  correctness.  It  seems  however  to  be  satisfactorily 
established  that  many  materials  in  the  state  of  ease  satisiy  these  con- 
ditions ^ith  at  least  a  very  close  approach  to  exactness,  so  that  the 
results  of  the  mathematical  theory  when  properly  restricted  are  then 
sufficiently  exact  for  practical  purjwses. 

From  the  preceding  statements  it  will  be  seen  that  it  is  of  the  utmost 
importance  to  know  what  are  the  limits  within  which  the  conditions 
assumed  by  the  mathematical  theory  are  satisfied  with  sufficient 
exactness  to  justify  its  application.  This  question  must  of  course  be 
settled  by  experiment,  but  it  is  beset  by  various  difficulties  which  ought 
to  be  clearly  recognized.  These  arise  in  part  from  the  serious  obstacles 
in  the  way  of  a  complete  exj^erimental  knowledge,  and  in  part  from 
the  want  of  a  proper  understanding  between  those  interested  in  the 
practical  and  theoretical  sides  of  the  subject,  and  a  consequent  confu- 
sion in  the  terms  used. 

To  avoid  complication  let  us  begin  by  supposing  the  mathematical 
limit  of  perfect  elasticity  to  coincide  with  the  physical.  Let  us  con- 
sider the  simple  case  of  a  bar  under  uniform  longitudinal  traction.  We 
may  suppose  the  bar  isotropic,  and  in  consequence  of  suitable  treat- 
ment i)erfectly  elastic  for  loads  not  exceeding  Lj.  No  mechanical 
treatment,  we  shall  suppose,  can  render  it  perfectly  elastic  for  loads 
greater  than  L2.  It  does  not  follow  that  a  load  L2  will  necessarily  rup- 
ture the  bar  either  immediately  or  in  course  of  time,  but  simply  that 
for  any  load  greater  than  L2  the  strain  is  not  perfectly  elastic.  Increas- 
ing the  load  from  zero  we  should  reach  a  load  L3,  probably  greater 
than  La,  that  would  in  process  of  time  rupture  the  bar,  or  a  load  L4 
greater  than  L3  that  produces  immediate  rupture.  All  these  loads  are 
supposed  to  refer  to  unit  of  area. 

Now  in  the  initial  state  of  the  bar  we  should  be  entitled  to  apply  the 
mathematical  theory  only  until  the  load  Li  was  reached.  When  we 
aim  at  finding  the  utmost  capability  of  the  material  under  longitudinal 
load,  we  may  perhaps  apply  the  theory  until  the  load  L2  is  reached,  but 
here  we  must  stop.  To  apply  it  until  the  loads  L3  or  L4  are  reached — 
assuming  these  greater  than  L2 — is  clearly  inadmissible. 

Results  of  a  similar  kind  hold  for  all  the  comparatively  simple  forms 
of  stress — such  as  pure  compression,  torsion,  or  bending — in  which 
practical  men  are  interested.  There  are  limits  to  tlie  state  of  perfect 
elasticity  lower  than  the  limits  at  which  rupture  takes  place,  at  least 
immediately. 
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The  usual  aim  of  the  engineer  is  that  no  part  of  the  structure  he  is 
designing  should  ever  be  strained  beyond  the  elastic  limit,  and  this 
end  he  of  course  desires  to  obtain  with  the  least  possible  expenditure 
of  materiaL  Thus  ides^y  he  might  be  expected  to  calculate  the  dimen- 
sions of  each  piece,  so  that  for  the  maximum  load  it  is  to  be  subjected 
to  it  shall  just  not  pass  beyond  the  limit  of  perfect  elasticity.  There 
are  however  in  general  agencies^  such  as  wind  pressure,  dynamical 
action  of  a  moving  load,  etc.,  whose  effects  are  not  very  fully  under- 
stood and  whose  magnitude  can  not  always  be  foreseen.  Ihus  it  is 
the  custom  to  allow  a  wide  margin  for  contingencies.  Now  the  limit 
of  perfect  elasticity  seems  the  natural  quantity  to  employ  in  allowing 
for  this  margin,  but  the  uncertainties  attending  it'^  determination  are 
such  that  it  is  customary  to  employ  the  breaking  load  instead.  The 
breaking  load  for  the  particular  kind  of  stress  the  member  in  question  is 
to  be  exposed  to  is  divided  by  some  number,  e.  </.,  4  or  5,  calletl  ^  factor 
ofsafetpj  and  the  dimensions  of  the  member  are  calculated  so  that  it« 
estimated  load  shall  not  exceed  the  quotient  of  the  breaking  load  by 
the  factor  of  safety.  The  engineer  varies  the  fa<*tor  of  safety  accord- 
ing to  the  nature  of  the  load,  and  a^'cording  to  the  confidence  he  pos- 
sesses in  the  uniformity  of  the  material  and  in  the  completeness  of  his 
knowledge  as  to  the  vicissitudes  the  structure  is  exposed  to.  It  has 
thus  come  to  pass  that  attention  has  been  largely  directed  to  the 
breaking  loads,  and  theories  have  been  constructed  which  aim  profess- 
edly at  8upi)l}ing  a  law  for  the  tendency  to  rupture^  under  the  most 
general  stress  systems  possible,  of  materials  whose  rupture  points  have 
been  found  under  the  ordinary  simple  stress  systems  emi>loyed  in 
experiment. 

There  are  only  two  such  theories  of  rupture  for  isotropic  materials 
that  at  present  possess  any  general  repute.  To  understand  them  the 
reader  requires  to  know  that  for  any  stress  system  there  are  at  every 
point  in  an  isotropic  elastic  material  three  principal  stresses  along  three 
mutually  orthogonal  directions,  and  likewise  three  principal  strains 
whose  dire(?tions  coincide  with  those  of  the  principal  stresses.  If  an 
imaginary  small  cube  of  the  material  be  taken  at  the  point  considered 
with  its  faces  perpendicular  respectively  to  the  three  principal  stresses, 
then  no  tangential  stresses  act  over  these  faces.  In  a  bar  under  a  uni- 
formly distributed  longitudinal  stress  L  per  unit  oi  cross  section,  two 
of  the  principal  stresses  are  everywhere  zero,  and  the  third  is  parallel 
to  the  axis  and  equals  L.  If  E  be  Young's  modulus,  and  ;/  Poisson's 
ratio  for  the  material,  supposed  isotropic  and  elastic,  the  greatest  prin- 
cipal strain  is  everywhere  L/E  and  its  direction  is  parallel  to  the  axis. 
The  two  remaining  principal  strains  are  each  — //L/E  and  they  may  be 
supposed  to  have  for  their  directions  any  two  mutually  perpendicular 
lines  in  the  cross  section  of  the  bar. 

One  of  the  theories  referred  to  above  is,  that  when  the  algebraic  dif- 
ference between  the  greatest  and  least  of  the  principal  stresses  at  any 
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point — ^a  pressure  being  reckoned  negative — attains  a  certain  value, 
rupture  will  ensue  at  this  point.  Thus,  if  in  descending  order  of  mag- 
nitude, the  principal  stresses  at  a  point  be  Ti,  T2,  T3,  then  Ti— T3  is  the 
stress  difference*  at  this  point,  and  the  theory  asserts  that  rupture  will 
ultimately  ensue  if  the  stress  difference  anywhere  equals  L3,  the  load  for 
ultimate  rupture  of  a  bar  of  the  material  by  longitudinal  traction ;  while 
if  the  stress  difference  anywhere  equals  L4,  the  load  for  immediate  rup- 
ture by  longitudinal  traction,  then  immediate  rupture  will  ensue. 

The  second  theory,  which  is  supported  by  the  great  authority  of  de 
Saint-Yenantjt  replaces  the  stress  difference  of  the  first  theory  by  the 
greatest  strain.  It  thus  asserts  that  the  condition  for  rupture  is  found 
by  equating  the  largest  value  found  at  y where  for  the  greatest  strain 
to  the  longitudinal  strain  answering  to  longitudinal  traction  L3,  or  to 
that  answering  to  the  traction  L4,  according  as  the  rupture  is  ultimate 
or  immediate.  This  theory  maintains  that  extension  in  some  direction 
is  necessary  for  rupture. 

The  two  theories  may,  as  in  the  case  of  pure  longitudinal  traction, 
lead  to  the  same  result;  but  in  general  they  do  not,  so  one  at  least  of 
them  must  be  wi'ong.  When  we  examine  the  theories,  still  supposing 
the  mathematical  and  physical  limits  of  i>erfect  elasticity  the  same,  a 
very  obvious  diflBculty  {  presents  itself.  It  is  assumed  that  the  stress- 
difference  and  greatest  strain  are  derived  by  the  mathematical  theory  5 
but  that  theory  applies  only  so  long  as  the  material  is  everj^here  per- 
fectly elastic,  whereas  rupture,  at  least  when  immediate,  presents  itself 
after  the  elastic  limit  has  been  passed.  Thus  if  the  application  of  the 
mathematical  theory  leads  to  values  for  the  maximum  stress  difference 
and  greatest  strain  equal  to  the  values  of  these  quantities  answering 
to  rupture,  at  all  events  when  immediate,  the  true  conclusion  would 
seem  to  be  that  the  fundamental  hypothesis  on  which  the  treatment 
proceeds,  viz,  that  the  material  follows  the  laws  assumed  by  the  mathe- 
matical theory,  has  been  shown  to  be  incorrect.  Nothing  has  been 
proved  except  that  the  elastic  limit  must  be  passed  and  that  the  mathe- 
matical theory  does  not  apply. 

The  only  logical  way  of  interpreting  the  theories  is  to  suppose  that  the 
maximum  stress  difference  and  greatest  strain  are  to  be  compared  not 
with  the  values  that  answer  to  rupture,  but  either  with  those  that 
answer  to  the  limit  of  perfect  elasticity  or  with  those  derived  by  dividing 
the  values  answering  to  rupture  by  some  factor  of  safety.  This  factor 
must  then  be  large  enough  to  prevent  the  limit  of  perfect  elasticity  being 
passed.  Thus  from  either  point  of  view  we  encounter  a  formidable  diffi- 
culty, viz,  the  uncertainty  of  what  is  the  limit  of  perfect  elasticity. 


*  See  Prof.  Darwin,  Phil.  Trans.,  1882,  pp.  220,  221,  etc.;  also  Thomson  and  Tait's 
Nat.  Phil.,  vol.  I,  part  11,  p.  423. 
t  See  Pearson's  The  Elaeiical  Researches  of  Barr4  de  Saint-  Venant,  art.  5  (c),  etc 
tlhid.  art.  4  (7^),  6  (a),  &o. 
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We  have  supposed  that  a  bar  may  be  brought  into  a  state  in  which 
it  is  perfectly  elastic  for  longitudinal  tractions  not  exceeding  L?.  An- 
swering to  this  we  have  L2  for  the  stress  difference,  and  L2/E  for  the 
greatest  strain.  Now  if  the  two  theories  described  above  really  apply 
to  the  limit  of  perfect  elasticity,  the  one  would  seem  to  maintain  that 
L2  is  the  limiting  value  of  the  stress  difference,  the  other  that  L2/E  is 
the  limiting  value  of  the  greatest  strain  for  all  possible  stress  systems 
in  material  of  the  same  kind  as  that  in  the  bar.  The  complete  experi- 
mental proof  or  disproof  of  such  theories  is  not  likely  to  be  easy.  Thus 
taking  for  instance  the  case  of  longitudinal  traction,  suppose  it  were 
shown  that  a  certain  method  of  treatment  which  raises  the  elastic  limit 
for  load  parallel  to  the  axis  of  a  bar  does  not  raise  the  elastic  limit  for 
longitudinal  load  in  a  bar  whose  length  lay  in  the  cross  section  of  the 
original  bar.  This  would  only  suflftce  to  prove  that  the  treatment 
adopted  did  not  give  a  fixed  elastic  limit  the  same  for  all  kinds  of 
strain,  it  would  leave  the  possibility  of  such  a  limit  being  obtained  in 
some  other  way  an  open  question. 

In  the  preceding  remarks  the  mathematical  and  physical  limits  of 
perfect  elasticity  have  been  supposed  identical.  When  they  differ,  the 
mathematical  limit  is  of  course  that  which  must  be  employed  in  deter- 
mining the  range  of  the  mathematical  theory.  It  will  certainly  not  ex- 
ceed the  physical  limit.  I  may  add  that  while  for  certain  structures 
such  as  isolated  boilers  the  physical  limit  may  most  nearly  concern  the 
practical  engineer,  in  other  structures,  such  as  girder  bridges,  the 
stress-strain  relation  is  assumed  to  be  linear  in  designing  the  several 
parts,  so  that  the  first  mathematical  limit  is  then  of  the  utmost  practi- 
cal imi)ortance. 

In  the  previous  discussion  of  the  stress-difference  and  greatest-strain 
theories,  as  settling  the  limits  of  application  of  the  mathematical 
theory,  it  has  been  taken  for  granted  that  the  condition  (0)  was  safe- 
guarded by  them.  Now  in  most  ordinary  systems  of  loading  this  is 
probably  the  case,  but  it  is  not  always  so.  For  instance,  if  we  assume 
the  mathematical  theory  to  hold,  a  solid  isotropic  sphere  under  a 
uniform  surface-pressure  shows  none  but  negative  strains,  and  the 
three  principal  stresses  are  .everywhere  equal.  Thus  the  greatest 
strain  is  everywhere  negative,  and  the  stress  difference  everywhere 
zero.  This  is  true  irrespective  of  the  magnitude  of  the  surface  pressure, 
and  so,  according  to  both  theories,  the  stress-strain  relation  would  be 
linear  and  the  mathematical  theory  would  apply,  however  large  the 
pressure  was.  According  to  the  theories,  one  might  continue  to  employ 
mathematical  formulae  which  indicated  a  reduction  of  the  sphere  to  one- 
millionth  of  its  original  volume.  It  is  obvious,  however,  that  a  re- 
duction of  the  volume  by  even  a  tenth  would  produce  strains  which  aie 
probably  far  in  excess  of  those  admitted  by  the  principle  (C).  In 
formulating  an  objection  to  the  universal  application  of  the  theories,  I 
have  preferred  to  attack  them  on  the  side  of  the  principle  (C)  so  as  to 
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show  clearly  that  the  high  authority  of  Thomson  and  Tait  is  on  my 
side.  The  example  considered  raises  however  what  seems  to  me  at 
least  an  equally  strong  argument  against  the  theories  from  the  side  of 
the  principle  (B).  For  we  must  remember  that  the  stresses  inside  the 
material  are  determined  by  the  intermolecular  forces.  Now  whatever 
•nolecttles  may  be,  and  however  they  may  act  on  one  another,  it  seems 
incredible  that  the  molecular  forces  should  lead  to  one  and  the  same 
stress-strain  relation,  however  much  the  mean  molecular  distance  may 
be  reduced.  The  fact  that  8ir  W.  Thomson  regards  the  existence  of 
an  irreducible  minimum  volume  as  possible  may,  I  think,  be  taken  as 
proof  that  he  is  opposed  to  the  view  tlmt  it  is  i)ossible  for  the  stress- 
strain  relation  to  remain  linear  under  such  circumstances.  It  thus 
seems  to  me,  on  various  grounds,  that  the  inevitable  (^(mclusion  is  that 
while  one  or  other  of  the  two  theories  may,  under  ordinary  circum- 
stances, be  suflftcient  to  define  the  limits  of  the  mathematical  theory, 
the  result  must  always  be  checked  by  reference  to  the  condition  (O), 
or,  what  comes  to  the  same  thing,  we  must  give  ui)  the  mathematical 
theory  when  the  strains  it  indicates  are  such  as  would  markedly  alter 
the  mean  molecular  distance. 

I  next  proceed  to  discuss  the  possibility  of  the  earth's  possessing  an 
elastic  solid  structure,  deriving  the  necessary  data  fix)m  three  papers 
published  in  the  Transactions  of  the  Cambridge  Philosophical  Society. 
For  brevity  these  will  be  referred  to  as  (a),*  (6),t  and  (c).} 

The  strains  due  to  the  action  of  the  sun  and  moon  being  compara- 
tively insignificant,  we  need  consider  only  the  '^centrifugaP'  forces  due 
to  the  earth's  diurnal  rotation,  and  the  gravitational  forces  due  to  the 
mutual  attraction  of  its  parts. 

The  data  supplied  by  geology  do  not  enable  us  to  formulate  any  likely 
theory  as  to  a  probable  distribution  of  density  and  elasticity  through- 
out the  ^rth  regarded  as  an  elastic  solid.  All  we  know  with  certainty 
is  that  the  surface  strata  are  on  an  average  considerably  below  the 
mean  density,  that  they  difter  widely  in  character,  many  being  markedly 
aeolotropic,  and  that  frequently  they  are  far  from  horizontal.  Thus, 
as  our  object  is  merely  to  consider  what  are  the  possibilities  on  the 
hypothesis  of  solidity,  it  will  be  best  to  make  the  hypothesis  as  simple 
as  possible,  l^ow,  if  the  deviations  from  the  earth's  mean  density  and 
from  an  isotropic  elastic  structure  were  limited  to  the  surface  strata, 
where  alone  we  are  certain  of  their  existence,  the  effect  of  the  **  centrif- 
ugal" forces  would  be  nearly  the  same  as  if  these  deviations  did  not 
exist;  but  the  eff*ect  of  the  gravitational  forces  on  the  eccentricity  of 
the  surface  may  depend  largely  on  the  nature  of  the  deviations.  I  thus 
propose  to  treat  the  problem  in  stages. 

The  first  stage  neglects  entirely  the  gravitational  forces  and  regards 
the  earth  as  a  slightly  spheroidal  body — which  has  departed  from  the 
spherical  form  in  consequence  of  its  rotation— of  uniform  density  and 
^Lxiv,  pp.  250^^69^  t  Vol.  xiv,  pp.  467-4fi3.  TVol.  xv,  pp.  1-36. 
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of  the  same  isotropic  elastic  structure  throughout,  rotating  with  uni- 
form angular  velocity  u*  about  its  polar  axis. 

Let  a  denote  the  mean  radius^  d  the  difference  between  the  equatorial 
and  i)olar  semiaxes  of  the  surface,  E  Young's  modulus,  and  tj  Poisson's 
ratio  for  the  material.  Then  the  ratio  rf :  a  is  given  for  various  values 
of  7/  in  the  following  table  :• 


Table  I. 

IJ  — 

0 

0.2 

0.25 

0.3 

0.4 

__ 

0.5 

tf  "^     E 

0.286 

0.330 

0.341 

0.352 

0.373 

0.395 

In  the  case  of  an  originally  spherical  solid  assuming  the  shape  of  the 
earth  under  rotation,  it  is  of  no  practical  importance  whether  we  re- 
gard a  as  the  radius  of  the  original  spherical  surface,  or  as  the  mean 
radius  under  rotation,  nor  does  it  matter  practically  whether  the  density 
be  supposed  uniform  previous  to  or  during  the  rotation.  There  is,  it 
is  true,  for  all  values  of  ij  except  0.5,  a  slight  increase  in  the  volurae,t 
and  consequent  diminution  in  the  mean  density  accompanying  the  ro- 
tation, but  for  our  present  purpose  this  may  be  neglected. 

The  mathematical  solution  on  which  Table  i  is  based  treats  the 
spherical  surface  of  radius  a  as  that  over  which  the  conditions  for  a 
free  surface  are  satisfied.  !N"ow,  some  uncertainty  may  exist,  depending 
on  the  physical  interpretation  put  upon  the  mathematical  equations, 
whether  these  surface  conditions  should  be  applied  over  what  is  the 
surface  before  the  displacement — in  this  case  the  surface  of  the  true 
sphere  which  it  is  assumed  the  earth  would  form  if  the  rotation  dis- 
appeared— or  over  what  is  the  surface  during  the  rotation.  This  un- 
certainty might  constitute  a  very  serious  difficulty  if  the  deformations 
were  supposed  to  be  large,  a  contingency  which  may  arise  when  the 
limitation  (C)  in  the  magnitude  of  the  strains  is  neglected;  but  in  such 
problems  as  the  present  where  the  strains  are,  as  we  shall  see  presently, 
of  the  same  order  of  magnitude  as  occur  in  ordinary  engineering  struc- 
tures, it  is  of  no  material  consequence.  In  the  present  case  complete 
assurance  on  this  point  may  be  derived  from  Figs.  1  and  2,  PI.  ii  of 
(c),  which  show  the  changes  induced  by  rotation  in  the  equatorial  and 
polar  semi-axes  of  spheroids  of  various  shapes. 

For  given  values  of  rf,  a,  a?,  and  p.  Table  i  shows  that  E  and  ;;  in- 
crease together.  Giving  oj  the  value  it  has  for  the  earth,  and  assuming 
p=5.5,  a=3950,  d=:13.25j  1  find  for  the  values  of  E,  measured  in  grams 
weight  per  square  centimeter,  answering  respectively  to  the  values  0, 
0.25,  and  0.5  of ;;,  the  approximate  numbers 

1020  xlO«,    1220  xlO«,    and    1410x10* 


*  See  (a)  formula  (5)  p.  287 ;  or  (c)  Tables  iii,  v,  and  vi. 
t  See  (d)  Table  ii,  and  compare  Tables  v  and  vi  of  (c). 
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It  is  obvious  from  Table  i  that  to  equal  increments  in  tf  there  corre- 
spond nearly  equal  increments  in  E  ]  thus  the  numbers  given  above 
will  enable  a  sufficiently  close  approximation  to  the  value  of  B  for  any 
other  value  of  77  to  be  immediately  written  down. 

For  the  sake  of  comparison  with  the  values  found  for  E  in  some  of 
the  commoner  materials  under  ordinary  conditions  I  append  the  follow- 
ing data^  taken  from  Sir  W.  Thomson's  article  on  Elasticity  in  the 
Encyclopaedia  Britannica.    The  units  are  the  same  as  above. 

Table  II. 
Vcliies  of  E/106. 


1 

mghMt  value  .... 
I<owt»st  value 

Irou  and 

8t<«l. 

2953 
984 

Copper. 

1254 
1062 

Slate. 

1120 
910 

Zinc. 

955 
873 

Stone 
(about). 

350 

Lea«i. 

199 
51 

This  table  will  give  a  general  idea  of  the  limits  within  which  E  may 
reasonably  be  expected  to  lie,  though  some  of  the  data  refer  to  mate- 
rial which  is  hardly  likely  to  have  been  isotropic.  It  shows  that  if  the 
influence  of  the  gravitational  forces  on  the  eccentricity  were  negligi- 
ble,— ^which  however  is  not  the  case, — the  earth,  though  perfectly  solid 
and  elastic,  might  reasonably  beexi)ected  to  display  not  a  smaller,  but 
a  considerably  greater  eccentricity  than  it  actually  does. 

The  question  next  arises  whether  the  strains  and  stresses  produced 
by  the  rotation  are  such  as  are  consistent  with  the  principles  on  which 
the  application  of  the  mathematical  theory  rests.  In  the  actual  case 
of  the  earth  this  question  is  of  imi)ortance  only  in  exceptional  circum- 
stances, owing  to  the  preponderating  influence  of  the  gravitational 
forces;  still  it  possesses  sufficient  interest  to  claim  separate  considera- 
tion. The  following  table  gives  a  sufficiently  close  approximation  to 
the  numerical  results  obtained  for  the  rotating  body  treated  above, 
when  for  E  are  substituted  the  values  which  answer  to  the  production 
by  rotation  alone  of  an  eccentricity  equal  to  that  of  the  earth. 

Tablk  III.* 


Maximum  stress  difference  iu  tons  weight 
per  square  inch 

Greatest  strain 

Longitudinal  stress  in  tons  per  square 
inch  which  would  produce  a  strain 
equal  to  the  greatest  strain 


32J  '  32 

[)-0029  '      0-0018 


26  23 


*  See  (c)  Tables  iii;  vii,  and  ix. 
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The  maximum  stress-difference  and  the  greatest  strain,  as  given  in 
l^e  table,  are  both  found  at  the  center. 

The  result  on  the  stress-difference  theory  is  nearly  independent  of  ^, 
and  is  more  unfavorable  in  every  case  than  tliat  given  by  the  greatest 
strain  theory  to  the  view  that  the  material  remains  perfectly  elastic. 
A  stress  of  16  tons  per  square  inch  is  not  one  that  an  engineer  would 
view  with  complacency  in  any  structure  intended  to  be  permanent,  but 
it  is  a  low  value  for  the  tenacity  of  good  wrought  iron.  A  stress  of 
even  33  tons  per  square  inch  can  easily  be  borne  without  rupture  by 
good  steel,  and  is  perhaps  not  in  excess  of  the  stress  under  which  the 
best  steel  remains  perfectly  elastic.  The  greatest  strains  are  not  of 
such  a  magnitude  as  to  raise  any  presumi)tion  against  the  linearity  of 
the  stress-strain  relation.  Thus,  according  to  all  the  tests,  it  is  quite 
l)08sible  that  an  originally  spherical  solid  of  the  earth's  mass  but 
devoid  of  gravitation  should  remain  solid  and  elastic  while  assuming 
the  form  of  the  earth  under  rotation.  Its  material,  however,  at  least 
if  homogeneous  and  isotropic,  would  require  to  i)0ssess  an  unusually 
high  limit  of  perfect  elasticity. 

The  next  subject  for  consideration  is  how  the  question  is  affected  by 
the  existence  of  gravitational  forces  such  as  are  found  in  the  case  of  the 
earth.  The  strains  and  stresses  in  a  slightly  oblate  spheroid,  treated 
as  anisotropic  elastic  solid,  all  consist  of  two  parts,  the  first  part  being 
the  same  as  if  the  surface  were  truly  spherical,  the  second  depending 
on  the  eccentricity.  It  is  the  second  parts  that  represent  the  action  of 
the  gravitational  forces  in  modifying  the  eccentricity,  but  these  parts 
are  in  general  insignificant  so  far  as  the  question  of  the  applicability 
of  the  mathematical  theory  is  concerned.  I  shall  therefore  postpone 
consideration  of  them  until  an  account  has  been  given  of  the  strains 
and  stresses  which  are  independent  of  the  eccentricity. 

The  mathematical  difficulties  in  applying  the  ordinary  theory  to  the 
case  of  a  homogeneous  solid  gravitating  sphere  are  trifling,  but  the 
difficulty  of  putting  a  physical  int-erpretation  upon  the  mathematical 
expressions  answering  to  most  values  of  rj  is  such  as  very  forcibly  to 
call  attention  to  the  necessity  of  the  limitation  (0).  Since  the  gravita- 
tional force  at  an  element  of  a  solid  sphere  depends  not  only  on  the  to- 
tal mass  which  lies  nearer  the  center  than  does  the  element,  but  also  on 
its  absolute  distance  from  the  center,  we  must  assume  that  the  equations 
supplied  by  the  ordinary  mathematical  theory,  if  they  apply  at  all,  hold 
for  the  position  of  final  equilibrium  after  the  deformations  have  taken 
place.  This  seemingly  requires  that  strain  should  be  defined  as  the 
ratio  of  the  increase  of  length  to  the  final  length,  which  is  not  in  ac- 
cordance with  the  usual  interpretation  of  Hooke's  law  unless  the  square 
of  the  strain  be  negligible.  Supposing  the  internal  equations  to  refer 
to  the  final  deformed  condition,  the  surfiice  equations  will  undoubtedly 
also  refer  to  this  condition.  Thus,  so  far  as  the  terms  independent  of 
the  eccentricity  are  concerned,  we  may  suppose  the  mathematical  theory 
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applied  to  a  sphere  whose  density  p  is  uniform  throughout,  and  whose 
radius  a  equals  the  earth's  mean  radius. 

In  this  case  the  maximum  stress-diflferenee  and  the  algebraically 
greatest  strain  are  both  found  at  the  surface.  Let  us  denote  these  by 
S  and  9  respectively;  and  let  «o  denote  the  greatest  compression,  which 
occurs  at  the  center,  and  u^  the  radial  displacement  at  the  surfEU^e. 
Employing  E  and  rf  as  before,  and  denoting  by  g  the  acceleration  due 
to  the  sphere's  attraction  at  its  surface,  I  find  • 


s  = 


Q      1         1-2/7 

5  E      1-v    ' 

3(//oaJl-25)Xl-/;/3) 
*°-""10  E        '    I-t;  ~       ' 


(1) 

(2) 
(3) 
(4) 


Assnming  for  a  moment  tbese  results  to  hold  for  a  sphere  in  which 
flf= gravity  t  at  the  earth's  surface,  p  =  5'5  times  the  density  of  water, 
and  a  =  3950  miles,  the  following  are  the  approximate  numerical  values 
answering  to  the  values  0,  '26,  and  0-5  of  rf. 

T^LK  IV. 


»?= 

0 

0-25 

0-5 

S,  in  tons  weight  per  8<]uare  inch 

4440 

0 

108 
2700 

2960 

1480 

0-53 
1130 

0 

0 

0 
0 

Longitudinal  stress  E 1,  in  tons  weight  per ) 

square  inch,  which  would  prodace  a  strain  i.  3 

— <e  (see  below) 

— ««,  in  miles  (see  below) 

For  a  given  value  of  ?/  the  value  of  S  is  independent  of  E.  It  dimin- 
ishes continually  as  7  increases  from  zero.  Since  the  value  of  «  depends 
on  E,  I  have  given  the  value  of  E«,  or  the  longitudinal  stress  which 
would  produce  in  a  bar  of  the  material  a  strain  equal  5.  The  value  of 
E«  has  a  maximum  of  about  1,520  tons  weight  per  square  inch,  for  1;= 
1-  Vi72  or  0.293  nearly. 

For  ipsO'6  the  values  «o  and  u^  are  zero  supposing  E  finite,  but  for 
other  valuer  of  7/  one  can  obtain  numerical  measures  of  these  quantities 
only  by  assigning  numerical  values  to  E.  Now,  if  the  earth  were  an 
elastic  solid  truly  spherical  but  for  its  rotation,  the  value  of  E  answer- 
ing to  a  given  value  of  v  would  be  determined  from  the  eccentricity  of 
the  surface.    But  the  action  of  the  gravitational  forces,  as  will  be  seen 

•  See  (a)  formulw  (17),  (18«),  and  (19a),  p.  281. 

t  The  calculations  treat  the  attraction  on  a  cubic  centimeter  of  water  at  the  sur- 
face as  equal  to  the 'weight  of  1  gram.  In  reality  of  course  "gravity  "  includes  the 
"centrifugal"  force. 
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more  clearly  presently,  largely  reduces  the  eccentricity  which  rotation 
would  produce  in  a  sphere  of  given  material.  Thus  the  eccentricity 
varying  inversely  as  E,  the  value  of  E  answering  to  a  given  eccentric- 
ity is  necessarily  considerably  smaller  when  gravitational  forces  act 
along  with  the  ''  centrifugal ''  than  when  the  latter  act  alone.  Since  the 
surface  strata  are  very  variable  and  of  much  smaller  mean  density  than 
the  earth  as  a  whole,  any  calculation  of  the  reduction  of  our  estimates 
of  E,  when  gravitational  forces  are  allowed  for,  which  treats  the  earth 
as  of  uniform  density  can  not  lay  claim  to  great  accuracy.  For  this 
reason,  and  also  because  I  am  specially  desirous  not  to  overstate  the 
case  against  the  application  of  the  mathematical  theory,  I  have,  in  cal- 
culating the  values  of  Hq  and  u^  in  Table  iv,  ascribed  to  E  the  values  it 
would  possess  in  the  total  absence  of  gravitational  forces,  viz.,  the 
values  1020  x  10^  for  ;/  =0  and  1220  x  10^  for  ;/=0-25  in  the  same  units  as 
before.  The  numerical  values  ascribed  to  So  and  u^,  in  the  table  are  thus 
essentially  minima,  which  would  in  reality  have  to  be  increased  proba- 
bly to  a  considerable  extent. 

It  will  be  seen  from  the  formuhe  and  from  Table  iv  that  when  ;;  is 
zero  or  is  small,  the  application  of  the  ujathematical  theory  would  be 
fully  justified  on  the  greatest  strain  theory,  while  utterly  condemned 
on  the  stress-difference  theory.  The  principle  (C)  is  in  this  case  en- 
tirely in  agreement  with  the  stress-difference  theory,  and  the  applica- 
tion of  the  mathematical  theory  can  in  fact  be  supported  only  by  those 
who  reject  this  principle,  and  consider  it  possible  for  the  stress-strain 
relation  to  remain  linear  though  a  solid  sphere  is  reduced  to  one-fourth 
or  less  of  its  original  volume. 

Noticing  from  (1)  and  (2)  that  E^/S=2;;,  we  see  that  for  all  values  of 
;;  less  than  0*5  the  stress-difference  theory  is  less  favorable  to  the  view 
that  the  mathematical  theory  is  applicable  than  the  greatest-strain 
theory.  If  there  is  any  truth  in  either  theory,  the  earth's  material 
can  not  possibly  possess  a  linear  stress-strain  relation  for  values  of  77 
such  as  0*25  (i.  e,  with  a  structure  such  as  that  of  the  metals)  unless  it 
be  of  a  strength  compared  to  which  that  of  steel  is  insignificant.  For 
such  values  of  7  the  strains  are  also  enormcmsly  in  excess  of  those 
which  can  be  admitted  aci^ording  to  the  i>rinciple  (0). 

When,  however,  7/  approaches  the  limiting  value  0*5  a  complete 
change  comes  over  the  features  of  the  case.  The  maximum  stress 
difference  and  all  the  strains  diminish,  eventually  vanishing  when 
7;=*5.  Thus  none  of  the  objections  hitherto  encountered  can  be  urged 
against  the  application  of  the  mathematical  theory  when  7/  ecjuals  or 
nearly  equals  O^S.  To  the  exact  value  0*5  of  ;/  there  is,  I  admit,  a  physi- 
cal objection,  which  would  dimbtless  have  been  urged  by  Maxwell,  viz, 
that,  supposing  Yimng's  modulus  to  be  finite,  this  implies  the  mate- 
abaoitttely  incompressible.    There  is  however  no  obvious 


[)a|l||tely  in 


their  Elementary  Practical  Phtjmcsy  vol.  i,  p.  192-195,  give 
de  that  india-rabber  is  such  a  material. 
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physical  objection  to  the  hypothesis  that  the  material  is  very  nearly 
incompressible,  i,  e.  that  0*5 — ;;  is  very  small  ;♦  and  an  isotropic  sphere 
with  such  a  structure  would,  according  to  all  our  tests,  remain  i>er- 
fectly  elastic  when  possessed  of  the  earth's  mass  and  exposed  to  its 
gravitational  forces. 

In  our  previous  estimate  of  the  value  of  E  the  action  of  the  gravita- 
tional forces  in  reducing  the  eccentricity  was  not  taken  into  account. 
It  the  principles  we  have  laid  down  as  regulating  the  applicability  of 
the  mathematical  theory  be  conceded,  we  need  only  consider  the  case 
when  0-5  —  //is  very  small;  and  since  the  formula?  show  that  in  this 
case  a  small  variation  in  the  value  of  //  is  of  little  consequence,  we  may 
for  simplicity  suppose  ;/=0'5  exactly. 

In  order  to  show  the  nature  of  the  uncertainty  that  must  in  reality 
be  attached  to  the  result,  it  seems  desirable  to  give  a  general  idea  of 
the  way  in  which  the  existence  of  gravitational  forces  affects  the  eccen- 
tricity. Let  us  imagine,  then,  that  over  the  surface  of  a  perfect  sphere 
weightless  matter  is  piled  up,  which  transforms  the  surface  into  that 
of  a  slightly  oblate  spheroid  whose  polar  and  equatorial  semiaxes  are 
respectively  a — 2d/3  and  a+d/3.  Now  suppose  the  heaped-up  mate- 
rial to  become  heavy.  The  pressure  it  exerts  on  the  surface  below  it 
is  greatest  in  the  equator  and  is  zero  at  the  poles.  Thus  the  originally 
spherical  surface  will  tend  to  sink  at  the  equator  and  to  rise  at  the 
poles;  consequently  the  dift'ereuce  d  between  the  equatorial  and  polar 
semiaxes  of  the  sphroidal  surface  will  diminish,  but  the  diminution  is 
clearly  less  the  smaller  the  density  of  the  heaped-up  material. 

It  must  be  understood  that  this  does  not  profess  to  be  a  complete 
account  of  what  actually  happens ;  but  it  may  suflftce  to  show  that  the 
gravitational  forces  tend  to  reduce  the  eccentricity  which  the  centrifii- 
gal  forces  tend  to  develop,  and  also  that  this  reduction  may  depend 
largely  on  the  density  of  the  surface  layers.  If  the  departure  of  the 
surface  layers  from  the  earth's  mean  density  occurs  mainly  near  the 
equator,  then  the  action  of  the  gravit^itioual  forces  in  reducing  the 
eccentricity  may  be  much  le«s  than  it  would  seem  to  be  on  the  hypoth- 
esis of  an  earth  of  unifonn  density. 

Treating  the  density  as  uniform  and  //  as  equal;  0*5,  I  find  that,  tor 
a  given  value  of  E,  the  existence  of  the  gravitational  forces  would  in 
such  a  case  as  that  of  the  earth  reduce  the  difference  between  the 
equatorial  and  polar  diameters  called  for  by  the  rotation  in  the  ratio  of 
9  :  40  approximately*.  Thus,  for  a  given  eccentricity,  the  value  of  E 
when  the  gravitational  forces  act  is  to  its  value  when  the  centrifugal 
forces  alone  exist  as  9  :  40.  8o  in  the  supposed  case  of  the  earth,  we 
should  have  to  reduce  E  from  141  x  10*  to  32  x  10^  grams  weight  per  square 
centim.  The  maximum  stress-difference  reduces  to  7*2  tons  weight  per 
square  inch.  The  greatest  strain  remains  0.0018,  as  before,  but  it  would 
answer  to  a  purely  longitudinal  stress  of  only  3*^  tons  per  square  inch. 


*Cf.  (a)  formula  (21),  p.  283,  aud  (5),  p.  287. 
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Owing  to  the  less  density  of  the  surface  strata  these  reductions  maybe 
considerably  too  great*  so  that  it  is  advisable  to  regard  32  x  10^  as  essen- 
tially a  lower  limit  to  the  value  of  E.  As  stated  above,  the  numerical 
result  for  the  value  of  E  would  be  but  little  altered  if  we  supposed  ;; 
slightly  less  than  0*6;  but  unless  0*5=7  ^^  very  small,  the  terms  inde- 
pendent of  the  eccentricity  become  of  importance  in  estimating  the 
maximum  stress  difference  and  greatest  strain. 

The  conclusion  to  which  the  previous  investigations  leads  is  that  none 
of  the  principles  at  present  recognized  in  the  biconstant  theory  of 
isotropy  are  opposed  to  the  hypothesis  that  the  earth  i)ossesses  in  its 
interior  an  isotropic  elastic  solid  structure  with  a  linear  stress  strain 
relation,  provided  its  material  be  very  nearly  incompressible.  But  the 
hypothesis  that  the  material  in  the  interior  shows  an  isotropic,  elastic 
structure,  such  as  that  of  the  ordinary  metals  under  the  ordinary  con- 
ditions, to  which  they  are  exposed  on  the  earth's  surface,  can  be  main- 
tained only  by  those  who  are  prepared  to  reject  the  usual  theories  of 
the  rupture,  the  limitation  (C)  in  the  size  of  the  strains,  and  the  argu- 
ment introduced  here  firom  the  theory  of  intermolecular  forces.  This 
raises  no  presumption  against  the  hypothesis  that  the  interior  is  in  a 
perfectly  solid  state,  and  possessed  of  such  a  chemical  constitution, 
say,  as  iron,  if  it  be  admitted  that  it  is  of  a  material  in  which  the  lin- 
earity of  the  stress-strain  relation  ceases  when  the  compression  becomes 
large. 

The  results  obtained  raise  no  presumption  for  or  against  the  theory 
that  the  earth  is  in  a  liquid  or  plastic  state.  They  merely  show  that 
any  argument  against  the  possibility  of  an  elastic  solid  structure  in  a 
body  of  the  earth's /omt  is  without  foundation;  and  that  any  argument 
based  on  the  destructive  tendency  of  the  enormous  gravitational  forces 
in  a  solid  of  its  mass  is  inconclusive,  even  as  directed  against  such 
structures  as  are  compassed  by  the  ordinary  mathematical  theory.  It 
has  not  been  shown  that  an  aeolotropic  solid  structure  of  some  kind,  or 
of  a  variety  of  kinds,  may  not  satisfy  all  the  conditions  as  well  as  or 
even  better  than  a  nearly  incompressible  isotropic  material.  The  pre- 
sumption is,  in  fact,  that  the  conditions  may  be  satisfied  in  an  infinite 
number  of  ways. 

It  must  be  borne  in  mind  that  there  mav  be  fatal  obiections  to  an 
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there  is  no  reason  to  believe  that  some  of  the  limitations  assigned  here 
to  the  appUcation  of  the  mathematical  theory  will  be  accepted  by  all 
or  even  by  a  m^ority  of  the  elasticians.  In  fact,  the  mathematical 
theory  has  actually  been  applied  by  several  recent  writers  under  cir- 
cumstances when  most  or  all  of  the  limitations  proposed  here  are  vio- 
lated. For  instance,  this  is  to  a  certain  extent  the  case  in  Prof.  Dar- 
win's paper*  "On  the  stresses  caused  in  the  interior  of  the  earth  by 
the  weight  of  continents  and  mountains."  In  the  principal  part  of  the 
paper  he  supposes  ^7=0.5,  when,  as  we  have  seen,  none  of  the  objections 
apply;  but  in  his  §  10,  in  order  "to  know  how  far  the  results  -  -  - 
may  differ,  if  the  elastic  solid  be  compressible,''  he  supposes  that  whil^ 
the  rigidity  constant  is  finite  the  bulk  modulus  is  very  small.  In  other 
words,  he  applies  mathematical  formula  which  assume  ;;  as  nearly  equal 
to  — 1.  Such  a  value  has  been  here  regarded  as  impossible.  It  should 
also  be  noticed  that  if  /;  were  equal  — 1  then  E  would  vanish,  and  if 
17  be  nearly  — 1  the  value  of  E  must  be  very  small.  Thus  the  strains  and 
displacements  given  by  equations  2  to  4  would,  in  the  case  supposed 
by  Prof.  Darwin,  be  enormously  greater  than  even  those  given  in  Table 
IV.  I  do  not  observe,  however,  that  either  in  the  paper  itself  or  in 
one  supplementaryt  to  it  Prof.  Darwin  makes  any  explicit  reference  to 
the  terms  in  the  strain  independent  of  the  angular  co-ordinates,  from 
which  the  equations  1  to  4  are  derived.  I  am  thus  unable  to  say 
whether  his  neglect  of  the  limitations  that  these  terms  are  here  regarded 
as  setting  to  the  application  of  the  mathematical  theory  is  intentional 
or  not.  Again,  in  a  recent  paper  J  "On  Sir  William  Thomson's  esti- 
mate of  the  rigidity  of  the  earth,"  Mr.  Love  ha«  also  considered  the  prob- 
lem of  the  earth  treated  as  an  isotropic  elastic  sphere,  more  especially  for 
the  value  of  0.25  of  rj.  In  his  equations  14  and  18  Mr.  Love  determines 
the  values  of  two  arbitrary  constants  which  occur  in  the  terms  inde- 
pendent of  the  angular  co-ordinates,  and  it  is  easily  seen  that  the  ex- 
pression he  would  thence  obtain  for  these  terms  is  identical  with  mine.§ 
After  determining  the  second  constant  he  however  dismisses  the  sub- 
ject with  the  remark,  "  This  -  -  -  gives  the  mean  radial  displace- 
ment, a  matter  which  need  not  detain  us  here."  So  far  as  I  can  see, 
Mr.  Love  makes  no  reference  to  any  principle  such  as  0,  nor  to  the 
possibility  of  the  stress-strain  relation  ceasing  to  be  linear. 

I  ought  also  to  explain  that  in  my  paper  (a),  directing  my  attention 
solely  to  the  theories  of  rupture,  I  left  out  of  sight  any  such  limitation 
as  (B)  or  (C),  and  treated  the  case  of  an  earth  in  which  7=0  as  one  in 
which,  according  to  the  greatest-strain  theory  of  rupture,  the  mathe- 
matical theory  was  applicable.  I  also  failed  to  notice  that  the  case 
7^=^0.5  was  sanctioned  by  the  greatest-strain  theory  as  well  as  by  the 
stress-difference  theory. 

*  PhiU  Tram,,  18827pp.  187-m 

t  Proceedings  of  the  Royal  Society,  vol.  xxx  viii  (1885),  pp.  322-328. 

\  Trans,  Camb.  Phil.  Soc,  vol.  xv,  pp.  107-118. 

i  (a)  Equation  (17),  p.  281. 
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n.— SOMB   GBOLO0ICAL,  THEOBIES. 

The  belief  that  the  present  spheroidal  form  of  the  earth  necessar- 
ily betokens  a  previous  liquid,  or  at  least,  plastic,  condition  seems 
among  geologists  almost  as  universal  as  the  belief  that  the  earth  but 
for  the  development  of  rotation  must  have  been  a  spherical  body. 
Whether  this  latter  conclusion  has  any  satisfactory  basis  apart  from 
philosophical  speculations  it  is  not  my  present  object  to  inquire.  But 
supposing,  for  the  sake  of  argument,  that  the  natural  form  of  the  earth 
as  undisturbed  by  rotation  is  spherical,  the  conclusion  that  it  ever  was 
^  in  a  liquid  or  even  in  a  plastic  state  throughout  is,  according  to  the 
preceding  results,  not  established  by  its  present  spheroidal  form.  Yet 
even  in  such  a  standard  work  as  Geikie's  Text-book  of  Geology,  after 
reading  the  discussion  on  p.  12  and  the  foot-note  attached,  I  fail  to  de- 
tect a  trace  of  the  idea  that  the  polar  flattening  might  be  called  forth 
by  rotation  in  a  truly  solid  body. 

Various  geological  writers,  it  is  true,  speak  of  a  solid  earth  as  capa- 
ble of  changing  its  form,  but  they  seem  in  reality  to  regard  the  change 
as  due  to  rupture  or  to  the  development  of  a  plastic  condition.  This 
appears,  for  instance,  to  be  the  view  actually  held  by  Mr.  Herbert 
Spencer  in  a  short  paper  •  entitled  "The  Form  of  the  Earth  no  proof  of 
Original  Fluidity.''  This  paper  has  been  referred  to  with  a  somewhat 
inaccurate  conception  of  its  value  and  results  by  two  recent  geological 
writers,  so  it  claims  some  notice  at  our  hands.  The  first  of  the  two 
writers  referred  to,  Mr.  W.  B.  Taylor,t  says :  "  It  is  now  nearly  forty 
years  since  Herbert  Spencer,  with  a  juster  physical  insight  [than  Sir 
W.  Thomson  and  Prof.  Tait],  contended  and  satisfactorily  showed  that 
a  solid  earth  (of  any  shape)  would  assume  the  oblate  spheroidal  form 
due  to  its  rate  of  rotation,  as  certainly  and  promptly  as  if  it  were 
liquid."  The  other  writer,  Mr.  A.  Blytt,J  amongst  other  references  to 
the  paper  says,  "  I  believe  that  Si)encer  is  the  first  who  expressed  the 
opinion  that  even  a  solid  earth  can  change  its  form." 

Mr.  Spencer,  after  some  statements  as  to  the  relative  strength  and 
agility  of  large  and  small  animals,  such  as  elephants  and  fleas,  formu- 
lates the  general  result  that  the  strengths-called  also  "  resistance  to 
fracture  " — of  a  solid  structure  varies  as  the  square  of  its  linear  dimen- 
sions, while  the  "  agencies  antagonistic  to  cohesive  attraction,"  i,  a., 
gravitational  and  "  centrifugal "  forces,  etc.,  vary  as  the  cube.  Except- 
ing a  statement  that  this  is  obviously  true  of  simple  longitudinal  and 
torsional  stress,  the  following  is  the  sole  proof  of  his  very  general  law 
supplied  by  Mr.  Spencer:  "The  strength  of  a  bar  of  iron,  timber,  or 
other  material  subjected  to  the  transverse  strain  varies  as  BD'/L;  B 


*PhiL  Mag.,  1847,  [3]  vol.  xxx,  pp.  194-196. 
t  American  Journal  of  Science,  1885,  vol.  xxx,  pp.  258, 259. 

tPhil,  Mag.f'M.&y,  1889,  p.  415.    Translated  from  NytMagazinfor  Naturvidenska- 
heme,  1889,  Bd.  xxxi.    Smitheonian  Beport,  1889 :  p.  333. 
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being  the  breadth,  D  the  depth,  and  L  the  length.  Suppo8e  the  size 
of  this  bar  to  be  changed,  whilst  the  ratios  of  its  dimensions  continue 
the  same^  then  -  -  -  the  strength  will  vary  as  D*  -  -  -  "(p.  195). 
The  following  is  the  conclusion  drawn  by  Mr.  Spencer:  *'  Viewed  by 
the  light  of  this  principle,  the  fact  that  the  earth  is  an  oblate  spheroid 
does  not  seem  to  aftbrd  any  support  to  the  hyi)othe8id  of  original  fluid- 
ity as  commonly  understood.  We  must  consider  that  in  respect  of 
its  obedience  to  the  geo-dynamic  laws,  the  earth  is  fluid  now  and  must 
always  remain  so;  for  the  most  tenacious  substa>nce  with  which  we  are 
acquainted,  when  subjected  U^  the  same  forces  that  are  acting  upon  the 
earth's  crust,  would  exceed  the  limit  of  self-support  determined  by  the 
above  law,  before  it  attained  T,-o^o-.^iFoT<5oo  <>^  the  earth's  bulk"  (p.l96). 

Perhaps  if  one  knew  what  Mr.  Spencer  means  by  *Hhe  limit  of  self 
support,''  and  what  is  the  exact  distinction  he  draws  between  **fliridity 
as  commonly  understood  "  and  "  fluidity  in  respect  of  obedience  to  geo- 
dynamic  laws,"  one  might  be  in  a  position  to  form  some  estimate  of  his 
degree  of  physical  insight;  but  so  far  as  I  can  see  all  he  satisfactorily 
shows  is  an  extraordinary  agility  in  jumping  to  conclusions.  If  his 
meaning  is  that  deformation  must  accompany  the  action  of  gravita- 
tional and  centrifugal  forces,  he  might,  if  Maxwell's  view  be  correct, 
have  added  to  the  denominator  of  his  estimate  as  many  O's  as  the 
printer  could  spare;  but  if  it  is  the  rupture  of  an  elastic  solid  or  its 
transformation  into  a  plastic  state  to  which  he  refers,  as  seems  almost 
certain  from  the  context,  he  must  have  formed  an  extremely  low  esti- 
mate of  what  strains  a  solid  can  stand. 

In  the  same  passage  Mr.  Blytt  refers  to  Mr.  Peirce,*  Sir  J.  W.  Daw- 
son,! and  Prof.  J.  E.  Todd  f  as  holding  that  a  solid  earth  will  alter  its 
shape  if  the  rate  of  rotation  vary.  The  views  of  Mr.  Peirce  I  have  not 
seen,  but  the  other  two  writers  mentione '  regard  the  solid  earth  itself 
as  changing  shape  only  by  means  of  a  succession  of  what  we  may  term 
catastrophies.  Their  views  seem  identical  with  those  which  Mr.  Blytt's 
translator  ascribes  to  him  in  the  following  words :  "The  sea  ac^usts 
itself  in  accordance  with  the  smallest  change  in  the  length  of  the  day 
-  -  -  But  the  solid  earth  offers  resistance  to  change  of  form,  and 
begins  to  give  way  only  when  the  tension  reaches  a  certain  amount "  (p. 
418).  Mr.  Blytt  makes  several  distinct  references  to  the  subject,  and 
his  remarks  are  not  perhaps  always  strictly  consistent.  This,  however, 
is  hardly  to  be  wondered  at,  since  he  gives  as  the  result  of  his  investiga- 
tions: "As  has  been  stated,  there  prevails  -  -  -  a  disagreement  as 
to  how  far  the  earth  will  change  its  form,  in  case  the  centrifugal  force 
varies.  Thomson  is  most  inclined  to  believe  that  it  will  not.  Darwin 
is  of  opinion  that  it  will.  And  among  other  physicists  whom  I  have 
consulted  a  similar  divergence  jirevails  ui)on  this  point.    One  thinks 


*  Proc.  Jmer.  Acad,  Arts  and  Snenre^  1873,  vol.  viii,  p.  1(K». 

t  Storif  of  the  Earth  and  Afau,  ninth  edition,  pp.  291,  292. 

tAtnerican  Naturalist^  1883,  vol.  xvii,  i»p.  15-26,  specially  pp.  IS,  19. 

H.  Mis.  334,  pt.  1 10 
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that  a  lengthening  of  the  day  even  by  several  hours  will  be  incai>able 
of  altering  the  form  of  the  solid  eiuth;  another  believes  that  the  solid 
earth  will  probably  change  its  form  just  as  easily  as  the  sea"  (p.  421). 

If  Mr.  Blytt  should  ever  have  further  occasion  to  consult  physicists 
on  this  or  any  allied  point,  he  would  find  an  exact  definition  of  such 
terms  as  solid  a  certain  amoiuit  of  protection  from  d  priori  speculations. 
Mr.  Blytt's  own  principal  view  seems  due  in  part  to  an  erroneous  inter- 
pretation of  Tresca's  experiments  on  the  flow  of  metals  under  pressure. 
They  do  not  in  reality  justify  his  statement  "  By  reavson  of  the  enor- 
mous pressure  which  prevails  in  the  interior  of  the  earth,  it  must  be 
supposed  that  masses  from  a  certain  depth  are  more  or  less  in  a  plastic 
state  "  (p.  417).  It  was  in  fact  pointed  out  some  years  ago  by  the  Rev. 
Osmond  Fisher  •  that  the  existence  of  an  orifice  from  which  the  metal 
can  flow  constitutes  a  complete  difference  between  the  conditions  of 
Tresca's  exi)eriments  and  the  state  of  a  body  subjected  to  nearly  uni- 
form pressure  all  round. 

Mr.  Blytt  apparently  does  not  stand  alone  in  believing  Sir  W.Thom- 
son to  hold  that  the  solid  earth  is  incapable  of  altering  its  form  as  the 
rotation  alters,  and  that  it  possesses  the  same  ec(*entricity  as  when  it 
solidified.  Prof.  Darwin  in  Nature,  1886,  vol.  xxxiv,  pp.  420-423,  seems 
also  to  put  this  interpretation  upon  a  passage  he  quotes  from  §  830  of 
Thomson  and  Tait's  ^^  Natural  PhiloHophyy  Supposing  this  interpre- 
tation correct,  Prof.  Darwin's  opinion  that  Sir  W.  Thomson  docs  not 
allow  "  a  sufficient  margin  for  uncertainties"  expresses  only  a  part  of 
the  objections  I  should  entertain.  I  find  it  difficult  however  to  believe 
that  Sir  W.  Thompson,  who  elsewhere  gives  data  for  the  eccentricity 
produced  by  rotation  in  solid  spheres  of  steel,  can  actually  supjwse  no 
change  at  all  in  the  eccentricity  to  follow  an  alteration  in  the  angular 
velocity.  Still  it  must  be  confessed  that  though  the  passage  contains 
the  statement,  "  It  must  necessarily  remain  uncertain  whether  the  earth 
would  from  time  to  time  adjust  itself  completely  to  a  figure  of  equi- 
librium adai)ted  to  the  rotation,"  its  most  natural  interpretation  is  that 
given  by  Prof.  Darwin.  I  need  hardly  say  that  the  conclusion  that 
the  earth,  however  solid,  would  retain  a  constant  eccentricity  while  the 
rate  of  rotation  varied,  seems  to  me  directly  opposed  to  the  conclusions 
to  whi(^h  the  elastic  solid  theory  leads. 

Prof.  Darwin  himself,  in  his  i)aper  in  Nature  refers  to  Tresca's  ex- 
periments and  thinks  it  probable  there  would  be  from  time  to  time  a  flow 
of  material  as  the  angular  velocity  altered.  One  of  the  '*  uncertain- 
ties "  he  refers  to  is  the  possibility  that,  in  accordance  with  Dr.  CrolPst 
views,  a  greater  rapidity  of  denudation  in  ecjuatorial  than  in  polar 
regions  may  have  reduced  the  eccentricity  markedly  below  the  value  it 
possessed  when  the  earth  soUdified.     He  does  not  seem  however  to 


*  Physics  of  the  Earth's  Crusty  Ist  edition,  1881,  foot-note  p.  120. 
t  Climate  and  lime  (1885),  p.  336. 
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refer  to  the  considerable  chauge  of  eccentricity  that  might  occur  in  a 
solid  through  mere  variation  of  elastic  strain. 

As  regards  the  present  state  of  the  earth's  interior  there  are,  accord- 
ing to  Geikie's  Text-book,  p.  49,  only  three  theories  which  merit  serious 
consideration,  viz : 

(1)  That  there  is  a  solid  crust  and  a  molten  interior. 

(2)  That  with  the  exception  of  local  vesicular  spaces  the  earth  is  per- 
fectly solid. 

(3)  That  the  earth  consists  of  a  solid  crust  and  nucleus  with  an  in- 
tervening liquid  layer. 

According  to  the  Text-book,  the  theory  of  a  thin  crust  containing 
liquid  or  viscous  matter  is  exposed  to  '^  weighty  and  indeed  insuper- 
able objections,''  p.  18,  and  "  is  now  abandoned  by  most  geologists,"  p. 
43. 

According  to  Dr.  Croll  *  the  "  general  opinion  among  geologists  "  is 
that  the  earth  **  consists  of  a  fluid  interior  surrounded  by  a  thick  and 
rigid  [really  solid]  crust." 

Prof.  Prestwich  t  believes  that  "  the  cmst  rests  on  a  yielding  sub- 
stratum, and  that  of  no  great  thickness."  In  fact  he  advocates  the 
third  of  the  above-mentioned  theories,  and  believes  30  miles  to  be 
probably  in  excess  of  the  crust's  thickness.  Most  writers  on  the  sub- 
ject appear  to  have  subsidiary  theories  of  their  own. 

Whether  the  assurance  that  the  question  is  beyond  the  reach  of  ex- 
I)eriment  accounts  for  the  multitude  of  theories  and  the  confidence 
with  which  they  are  proposed,  is  a  (juestion  for  philosophers  notmathe- 
maticians  to  consider,  but  it  seems  a  priori  a  possible  exi)lanation  of 
such  a  declaration  of  faith  as  that  of  Mr.  W.  B.  Taylor:  J  **  The  liquid- 
ity of  our  globe,  and  the  relative  thinness  of  its  encrusted  envelope — 
as  attested  by  all  legitimate  geological  induction — will  be  assumed 
without  misgiving  or  hesitancy,  and  the  supposed  matematical  argu- 
ments for  its  solidity  ignored  as  essentially  fallacious  and  wholly  in- 
conclusive." 

Of  course  if  the  geological  evidence  were  conclusive,  it  would  be 
mere  waste  of  time  further  to  consider  the  matter,  but  the  evidence 
that  satisfies  Mr.  Taylor  does  not  seem  to  carry  conviction  to  all  geolo- 
gists even  in  America.  Mr.  G.  Becker,§  for  instance,  who  appears  to 
have  same  practical  experience,  says :  '^  For  a  considerable  number  of 
years  1  have  constantly  had  the  theory  of  the  earth's  solidity  in  mind 
while  making  field  observations  on  upheaval  and  subsidence,  with  the 
result  that  to  my  thinking,  the  phenomena  are  capable  of  much  more 
satisfactory  explanation  on  a  solid  globe  than  on  an  encrusted  fluid 


one, 


7J 


*  Climate  and  Time,  p.  395. 

t  Geology,  vol.  ii,  p.  540. 

t  American  Journal  of  Science  (1885),  vol.  XXX,  p.  250. 

\S  American  Journal  of  Science  (1890),  vol.  xxxix,  pp.  351, 352. 
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It  may  thus  be  not  wholly  unprofitable  to  glance  briefly  at  some  of 
the  arguments  which  some  of  the  advocates  of  the  several  theories 
base  on  their  ideas  of  the  properties  of  solid  bodies. 

Mr.  Taylor's  object  is  to  get  au  equatorial  circumference  some  10  i^er 
cent  in  excess  of  its  present  value,  so  as  to  a<*<'ount  for  the  lateral  cx)m- 
pression  at  the  surface  observed  in  mountain  chains.  Thus,  following 
Prof.  Darwin,*  he  supposes  the  earth  to  have  once  possessed  a  much 
greater  angular  velocity  than  at  present,  and  speaks  of  a^^cx)nsistent 
cnist  (of  some  few  miles  thickness) "  as  haviug  formed  *^  when  the  rota- 
tion of  our  idanet  was  at  four  times  its  present  rate  "  (/.  c,  p.  257).  The 
equatorial  radius  would  then  have  been,  he  says,  some  4,359  miles,  and 
the  polar  some  3,21)1.  The  change  of  shape,  as  the  rotation  fell  off, 
would  account,  he  thinks,  for  observed  phenomena.  He  considers  his 
conclusions  opposed  by  Sir  W.  Thomson's  theory  that  the  earth  solidi- 
fied throughout  and  retains  at  least  approximately  its  original  ecc<^n- 
tricity.  It  is  on  this  i>oint  that  he  refers  to  the  data  sui)plied  by  Mr. 
Herbert  Spencer's  ^'juster  physical  insight;"  and  he  adds,  apparently 
as  his  own  contribution  to  the  argument,  "  the  supposition  that  a  granite 
mountain  or  equatorial  protuberance  400  miles  high  or  100  miles  high 
could  for  a  moment  support  itself,  would  hardly  be  entertained  by  a 
practical  engineer;"  and  in  a  footnote,  '^  the  limiting  modulus  of  height 
of  a  granite  pyramid  (equalling  one  side  of  its  square  base)  is  somewhat 
less  than  11  miles"  (/.  c,  p.  258).  I  am  quite  rejidy  to  agree  with  Mr. 
Taylor  that  if  solidifici>tion  occurred  under  the  conditions  he  supposes 
the  eccentricity  must  have  altered  enormously  and  that  in  a  non-elastic 
way,  and  I  hardly  suppose  that  Sir  W.  Thompson  would  oppose  this 
view.  No  one  however  so  far  as  I  know,  has  propounded  the  theory 
of  an  elastic  solid  spheroidal  earth  of  eccentricity  0.G5  rotating  com- 
pletely in  six  hours,  so  that  the  investigation  of  the  strains  and  stre^sses 
required  by  such  a  theory  is  unnecessary.  I  can  quite  imagine  that  on 
any  probable  theory  of  density  the  magnitude  of  the  strains  is  hardly 
likely  to  be  consistent  with  the  application  of  the  ma  thematical  theory 
of  elasticity.  The  force  of  Mr.  Taylor's  remarks  as  to  the  pyramid  I, 
however,  fail  to  see.  Such  an  isolated  mass  exists  under  totally  differ- 
ent conditions  from  any  portion  of  a  solid  sphere  or  spheroid,  and  one 
might  as  well  argue  as  to  the  impossibility  of  a  liquid  interior  from  the 
fact  that  an  isolated  liquid  column  100  miles  high  has  not  yet  been 
observed  on  the  earth's  surface.  If  Mr.  Taylor  were  however  to  cal- 
culate the  strains  and  stresses  in  such  a  thin  shell  as  he  supposes,  of 
material  showing  anything  resembhng  the  structure  of  ordiimry  rock, 
with  a  rate  of  rotation  such  as  he  mentions,  I  very  much  doubt  whether 
he  would  find  it  in  an  essentially  better  position  than  his  imaginary 
pyramid. 

After  this  criticism  Mr.  Taylor  considers  the  question  of  the  probable 
degree  of  rigidity  of  our  planet  quite  irrelevant,  but  the  "temptation  is 

-/Vi7/.  7>a««.  (1879),  1».  r>32. 
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strong  t<>  waste  upon  it  a  collateral  glanci^''  {I.  c,  p.  259).  Accordingly 
he  crushes  Sir  W.  Thomson's  argument  *  from  the  tides  by  the  remark, 
"that  a  silicei^us  cnist  of  20  miles  average  thickness  and  an  overlying 
aqueous  ocean  of  3  miles  average  depth,  should  have  (as  required  by 
the  argument)  so  equal  a  coefficient  of  mobility  that  sea  and  land  could 
thus  together  'rise  and  fall,'  might  well  be  pronounced  incredible^ 
(/.  c,  p.  200). 

He  regards  Sir  W.  Thomson  as  very  seriously  damaging  his  own  ar- 
gument by  the  admission  that  tides  comparable  in  magnitude  with  those 
observed  would  occur  even  in  a  solid  earth  of  steel,  it  does  not  seem 
to  have  o(icurred  to  him  that  the  existence  of  a  difference  between  the 
motions  of  the  laud  and  water  may  constitute  an  argument  for  solidity,  t 

Mr.  Taylor  admits  one  difficulty  in  his  theory,  viz,  the  nature  and 
local  characteristics  of  the  plications  actually  observed,  and  remarks: 
*«  While  the  force  at  the  command  of  the  rotating  planet  is  abundantly 
sufficient  -  -  -  evidently  some  supplementary  considerations  are 
requisite  to  give  the  observed  direction  to  this  force,''  -  -  -  "The 
mere  mechanical  difficulty  however  of  transmitting  stresses  through 
comparatively  undisturbed  areas  of  hundreds  of  miles  of  a  flexible,  fri- 
able, and  practically  i>lastic  crust — with  a  large  coefficient  of  viscous 
friction  beneath — is  not  so  formidable  as  might  at  first  appear.  It 
must  be  borne  in  mind  that  the  pressures  derived  from  an  action  so 
slow  as  from  century  to  century  to  be  scarcely  sensible,  are  of  an  or- 
der of  very  great  intensity,  but  of  very  small  quantity"  (/.  c,  p.  265). 
Mr,  Taylor  also  infers  from  "various  considerations"  that  "in  all  ages 
mountain  building  has  been  at  a  maximum;  that  is,  the  uplifted  heights 
have  been  the  greatest  which  the  average  thickness  of  the  crust  at  the 
time  was  capable  of  supporting;  so  that  the  former  has  been  a  constant 
function  of  the  latter,  the  ratio  being  probably  not  far  from  one-fifth" 
(I.  C.J  p.  265).  Mr.  Taylor  does  not  state  that  this  law  of  the  uplifted 
heights  is  true  of  all  lands  as  well  as  of  all  time,  but  the  possibility  that 
such  may  be  the  case  is  rather  alarming.  He  enters  in  fact  into  no  un- 
necessary details  as  to  how  he  reached  his  conclusions,  so  that  all  one 
can  say  is  that,  measured  by  his  own  standard,  he  is  certainly  not  in- 
ferior in  physical  insight  even  to  Mr.  Herbert  Spencer.  Perhaps  when 
he  comes  to  deal  with  the  "  supplementary  considerations"  he  may  sup- 
ply sufficient  data  for  the  mathematician  to  follow  him. 

Prof.  Prestwich,  in  his  Geology,  vol.  ii,  regards  the  "  present  very 
great  rigidity  of  the  earth"  as  being  proved  by  mathematical  and 
physical  investigations;  but  complains  of  a  "want  of  elasticity"  in 
the  methods  of  the  mathematicians  (p.  538).  According  to  him,  "  the 
hypothesis  most  compatible  with  the  geological  phenomena  is  that  of  a 
central  solid  nucleus  with  a  molten  yielding  envelope — ^not  fluid,  but 
viscid  or  plastic;  nor  is  it  necessary  that  this  magma  should  be  of  any 


*  Natural  Philosophy,  Vol.  I,  part  ii,  J  833. 
t  See  his  remarks,  I,  o.,  p.  260,  and  foot>note. 
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great  thickness;  but  a  thin  cr^st  is,  it  seems  to  me,  an  essential  condi- 
tion'' (p.  543).  Prof.  Prestwich  adduces  in  support  of  his  views  various 
arguments  from  geological  phenomena  which  seem  of  much  weight.  He 
has  also  various  arguments  of  a  more  or  less  physical  character,  but 
they  seem  to  take  a  good  deal  for  granted.  Thus,  on  p.  540,  refer- 
ring to  plications  in  the  surface  rocks,  he  says,  "  if  the  earth  were  solid 
throughout,  the  tangential  pressure  would  result  not  in  distorting  or 
crumpling,  but  in  crushing  and  breaking.  As  a  rule,  no  such  results 
are  to  be  seen,  and  the  strata  have  -  -  -  yielded,  as  only  a  free  surface 
plate  could,  to  the  deformation  caused  by  lateral  pressure  -  -  -  a  yield- 
ing bed,  on  which  the  crust  could  move  as  a  separate  body,  was  neces- 
sary." It  seems  to  me  that  as  the  phenomena  of  rupture  are  as  yet 
very  imperfectly  ascertained,  except  perhaps  tor  a  few  simple  standard 
conditions,  Prof.  Prestwich  has  very  little  to  go  on  but  d  priori  ideas. 
I  fail  to  see,  for  instance,  why  pressures  at  or  near  the  surface  of  a  solid 
sphere  should  necessarily  produce  fracture  and  not  flow.  Also  it  seems 
improbable  that  there  would  be  a  sharp  line  of  demarcation  so  as  to 
enable  a  crust — which  seems  clearly  to  mean  a  solid  superficial  layer — 
to  move  as  a  separate  body  on  a  "  yieldiug  bed."  Would  not  this  im- 
ply a  liquid  substratum  with  no  appreciable  viscosity  f  And  supposing 
there  were  a  substratum  of  this  kind,  is  there  any  sufficient  experi- 
mental evidence  that  a  solid  crust  of  even  a  few  miles  thickness  would, 
on  the  falling  away  of  the  liquid  underneath,  go  into  folds  instead  of 
being  crushed  and  broken?  Further,  can  plications  to  the  extent 
shown,  say  by  the  Alps,  be  reconciled  with  the  retention  of  contempo- 
raneous solidity!  Supposing  the  earth  to  be  essentially  solid  through- 
out, is  there  any  reason  why  the  strain  at  some  miles  below  the  surface 
should  not  locally  at  intervals  exceed  the  elastic  limit,  with  the  result 
for  a  time  of  a  state  of  flow  or  plasticity  throughout  a  volume  of  greater 
or  less  extent!  During  such  an  epoch  there  would  exist  locally  condi- 
tions somewhat  resembling  those  which  Prof.  Prestwich  believes  exist- 
ent everywhere.  It  is  true  that  one  argument  adduced  by  Prof.  Prest- 
wich and  others  against  the  existence  of  separate  reservoirs  of  molten 
material,  viz,  the  similarity  in  the  character  of  volcanic  products  all 
over  the  earth,  applies  equally  against  such  an  hyi)othesis.  If  how- 
ever volcanic  products  be  supposed  to  come  from  several  miles  below 
the  surface,  I  see  no  obvious  reason  why  they  should  not  present  sim- 
ilar characteristics  everywhere.  No  conclusive  argument  can  well  be 
based  on  the  differences  observed  in  the  sedimentary  strata,  because 
the  conditions  under  which  such  strata  are  deposited  are  obviously  of 
a  varied  character. 

In  various  passages  of  Prof.  Prestwich's  discussion  of  the  state  of  the 
earth  one  is  apt  to  be  puzzled  by  his  falling  into  the  practice,  by  no 
means  uncommon  in  geological  writings,  of  employing  physical  terms 
with  a  view  to  oratory  rather  than  to  expositi^m.  For  instance,  he 
speaks  of  contraction  <^due  to  the  yielding  of  the  weaker  lines  in  the 


Digitized  by  VjOOQ IC 


PHYSICS   AND   MATHEMATICS   TO    GEOLOGY.  151 

crust,  when  the  tension  caused  by  the  excessive  strain  (and  of  which 
the  first  order  of  movement  is  an  index)  overcomes  the  resistance,  and 
fractures  and  doubles  up  the  strata;"  and  he  adds:  **  Mountain  ranges 
are  in  fact  the  concluding  term  of  the  stress  which  caused  the  deforma- 
tion of  the  crust,  and  the  movements  which  at  those  times  took  place 
must  have  been  influenced  by  the  greater  energy  of  the  strains  then  at 
work"  (p.  546).  It  is  difficult  to  see  here  what  is  intended  to  be  cause 
and  what  effect.  In  fact,  while  a  number  of  terms  are  employed  which 
in  mathematics  and  physics  have  a  fairly  definite  meaning,  I  must  con- 
fess my  inability  to  form  an  adeqnate  conception  of  what  is  meant  by 
the  passage  as  a  whole. 

Prof.  Prestwich  refers  (pp.  543,  544)  to  the  hypothesis  of  the  late 
Prof.  E.  Roche  (in  the  reference  to  which  a  misprint  gives  the  year  1861 
for  1881)  as  supplying  something  of  the  kind  of  earth  he  wants.  Thus 
an  examination  of  Prof.  Roche's  work*  may  be  of  some  service. 

He  supposes  the  eartli  t<>  consist  of  a  central  nucleus  or  "  bloc," 
homogeneous  but  for  a  possible  acu^umulation  of  matter  of  greater 
density  at  the  center,  and  of  a  superficial  layer  of  lighter  material.  Of 
the  nucleus,  with  the  possible  exception  of  a  small  core  of  heavier  mat- 
ter, he  says,  '^  Sa  densit6  calcul^e,  de  7  i^  7*5,  indique  qu'elle  est  m6- 
tallique,  sans  doute  form6e  de  fer  -  -  -"  The  specific  gravity  of  the 
heavier  matter  which  may  possibly  exist  at  the  center  is,  he  says,  "  cer- 
tainement  bien  inf^rieur  [to  18],  probablement  10  on  12 (argent, plomb)," 
p.  235.  The  outer  layer  or  crust  he  supposes  to  have  a  specific  gravity 
about  3,  and  a  thickness  of  about  one-sixth  the  earth's  radius.  Be- 
tween the  crust  and  the  nucleus  there  exists,  it  may  be  everywhere  or 
only  locally,  molten  matter  such  as  appears  at  the  surface  in  volcanic 
outbursts,  but  the  total  volume  occupied  by  this  must  be  small.  Pro£ 
Boche  takes  three  results  as  given,  viz,  the  earth's  total  mass,  the  eccen- 
tricity of  its  surface,  and  the  ratio  of  the  principal  moments  of  inertia, 
the  last  quantity  being  deduced  from  astronomical  data.  He  satisfies 
all  the  conditions  he  recognizes  by  the  aid  of  the  following  hypothesis 
regarding  his  nucleus:  "  Ce  bloc  a  pris  sa  forme  definitive  sous  Tinflu- 
ence  d'une  rotation  moins  rapide  qu'elle  n'est  aujourd'hui,  et  il  a  con- 
serve I'aplatissement  correspondant,  malgr^  les  accroissements  suc- 
cessifs  de  vitesse  du  syst^me  resultants  de  sa  contraction  progressive  " 
(p.  232).  In  other  words,  he  assumes  the  nucleus  to  have  solidified 
before  the  crust  and  that  it  retains  its  shape  unaltered.  Thus  as  he 
regards  the  angular  velocity  as  increasing  in  consequence  of  the  dimi- 
nution in  the  moment  of  inertia  through  contraction  in  cooling,  the  nu- 
cleus possesses  a  smaller  eccentricity  than  the  crust.  He  supposes 
only  a  small  difference  in  the  length  of  the  day  at  the  dates  of  the  two 
solidifications,  so  that  the  difference  between  the  eccentricities  of  the 
nucleus  and  crust  is  also  small.    This  however  in  no  way  justifies  his 


*Ac€td^mie de  Montpellicr  M6moireft  de  la  Section  dea  Scienoes,  1880-1884,  tome 

dixi^me,  pp.  221-264. 
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liyi>otbe8iB  tbat  the  niicleu8  retains  its  form  unaltered.  If  its  material 
possessed  the  properties  of  an  elastic  solid  the  eccentricity  would  cer- 
tainly alter,  and  to  an  extent  probably  quite  comparable  with  the  alter- 
ation that  would  have  occurred  if  it  had  remained  fluid.  Prof,  Roche 
seems  in  fact  to  treat  his  nucleus  as  possessed  of  the  properties  of  the 
wholly  imaginary,  perfectly  rigid  body.  He  certainly  introduces  no 
equations  such  as  ought  to  hold  over  the  surface  of  an  elastic  solid 
spheroid.  The  exact  view  he  adopted  as  to  the  proi)erties  of  solids  it  is, 
however,  difficult  to  decide.  On  his  page  241  a  brief  statement  would 
imply  that  he  did  not  regard  each  elementary  layer  of  a  solid  sphere 
aH  of  necessity  totally  self-supporting;  but  on  pages  223,  224,  where 
the  discussion  is  fuller,  he  says,  "Si  Ton  rejette  la  complete  fluidity  de 
la  terre,  il  n'est  plus  possible  d'attribuer  ^  la  compressibility  de  ses 
couches  la  m6me  influence.''  -  .  -  ''  Dans  un  solide,  les  tensions 
lat^rales  sent  variables  et  acqui^rent  parfois  une  valeur  ^norme.  C'est 
ainsi  qu'une  couche  pourrait  se  souteuir  d'elle  meme  comme  une  esp^e 
de  voftte,  sans  poser  sur  celle  qui  est  au-dessous."  A  solid  layer  sup- 
porting itself  like  an  arch  under  the  conditions  of  matter  near  the 
earth's  surface  treated  as  an  elastic  solid,  presents  strains  far  in  excess 
of  those  which  are  regarded  here  as  coming  within  the  range  of  the 
mathematical  theory. 

On  various  grounds  it  seems  to  me  that  the  criticism  of  a  want  of 
elasticity,  though  hardly  in  the  sense  intended  by  Prof.  Prestwich,  may 
be  strongly  urged  against  Roche's  investigations. 

Some  remarks  of  M.  Roche's,  on  his  pages  240,  241,  throw  considera- 
ble light  on  his  standpoint  and  that  of  many  other  theorists:  "Les  as- 
tronomes  qui  persistent  a  admettre  la  fluidity  -  -  -  cherchent  ^ 
binder  les  objections  de  Hopkins  et  de  Thomson,  en  attribuant  -  -  • 
an  liquide  central  une  viscosity  assez  grande  pour  que  -  -  -  I'ensem- 
ble  en  arrive  h  toumer  tout  d'une  pi^ce  -  -  -  La  masse  tournante 
offre  une  telle  rigidity  qu'elle  est  assimilable  sous  ce  rapport  h  un  bloc 
solidifi^,  mats  admettre  cette  assimilation  revient  h  d^pouiller  le  milieu 
interne  des  propri^t^s  ordinaires  des  liquides,  et  d>  lui  en  conserver  le 
nom  tout  en  I'identiflant  j\  un  corps  solide."  He  proceeds  to  point  out 
that  the  mere  question  of  a  name  is  of  no  account,  considering  our 
ignorance  of  what  would  be  the  properties  of  matter  under  such  pres- 
sures and  at  such  a  temperature  as  the  theory  of  fluidity  would  lead 
to.  His  line  of  argument  is  not  very  clear,  but  there  is  no  hesitation 
apparent  in  his  conclusion :  "  En  effet,  la  pression  support^e  par  les 
couches  centrales,  dans  la  supposition  d'une  complete  fluidite,  d^pas- 
serait  deux  millions  et  demi  d'atmosph^res.  La  grandeur  mgme  de  ce 
nombre  est  ^  elle  seule  une  objection  peremptoire  ^  I'hypotht^e  qui  y 
conduit. 

Such  a  position  as  this  may  be  all  very  well  for  a  philosopher  who 
supposes  the  external  world  a  mere  idea,  the  private  property  of  his 
own  mind  and  so  necessarily  obedient  to  laws  which  his  understanding 
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can  fully  grasp,  or  for  a  scientist  who  believes  the  earth  created  for  the 
special  purpose  of  supplying  problems  of  precisely  that  amount  of  diffi- 
culty which  he  personally  is  able  to  solve,  but  from  a  common-sense 
point  of  view  it  seems  utterly  irrational.  No  physicist  or  geologist  has 
any  reason  to  suppose  that  there  are  not  numerous  problems  whose  full 
comprehension  requires  more  extensive  knowledge  than  is  possessed  by 
himself  or  any  of  his  contemporaries. 

The  necessity  for  theories  has  been  eloquently  urged  by  Prof.  Dar- 
win,*  who  says:  "  A  theory  is,  then,  a  necessity  for  the  advance  of  sci- 
ence, and  we  may  regard  it  as  the  branch  of  a  living  tree,  of  which 
facts  are  the  nourishment."  Employing  this  simile,  I  must  confess  that 
the  subject  treated  in  this  paper  resembles,  in  my  opinion,  a  tree  which 
combines  a  sad  deficiency  of  sap  with  a  great  superfluity  of  branches. 
It  will  I  dare  say  be  generally  admitted  that  the  premature  craving 
after  a  finality  of  knowledge  has  been  responsible  for  numerous  fruit- 
less speculations  in  the  past,  and  it  seems  only  too  probable  that  the 
impatience  of  the  mind  with  its  own  ignorance  is  the  principal  founda- 
tion of  much  of  the  theory  of  today.  The  satisfaction  derived  from  the 
contemplation  of  simple  and  comprehensive  laws  may  suffice  x>6rhaps 
to  prove  that  the  powers  of  the  mind  are  limited,  but  hardly  that  the 
processes  of  nature  are  simple. 


*  Nainrcj  1886|  vol.  xxxiv,  p.  420,  Address  to  British  Association^  section  A. 
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OEIGIN  OF  THE   EOCK  PRESSURE   OP  NATURAL  GAS  m 
THE  TRENTON  LIMESTONE  OF  OHIO  AND  INDIANA.* 


By  Edwabd  Obton. 


THE  IMPORTANCE  OP  THE  PRODUCT. 

Natural  gas  derived  from  the  Trenton  limestone  has  sapplied  daring 
the  last  year  and  is  now  supplying  all  the  fuel  and  a  considerable  part 
of  the  artificial  light  that  is  used  by  at  least  four  hundred  thousand 
people  in  northwestern  Ohio  and  in  central  Indiana.  Within  the  same 
limits  it  is  the  basis  of  a  varied  line  of  manufactures,  the  annual  prod- 
uct of  which  will  make  an  aggregate  of  many  millions  of  dollars.  More 
than  forty  glass  furnaces,  not  one  of  them  three  years  old,  are  now  in 
very  successful  operation  within  the  territory  named,  while  iron  and 
steel  mills,  potteries,  and  brick  works,  and  a  long  list  of  factories  in 
which  cheap  power  is  a  desideratum,  have  been  built  up  on  all  sides 
with  wonderful  rapidity. 

The  largest  gas  production  of  the  Trenton  limestone  that  has  yet 
been  reached  is  to  be  credited  to  the  present  year.  A  well,  drilled  early 
last  summer  at  Stuartsville,  6  miles  north  of  Findlay,  produced  through 
the  casing,  a  pipe  5|  inches  in  diameter,  28,000,000  cubic  feet  of  gas 
every  twenty-four  hours.  There  are  but  few  wells  in  any  field  that  ex- 
ceed these  figures.  Most  of  the  wells  so  reported  have  been  estimated, 
not  measured. 

An  equally  astonishing  advance  has  been  made  in  the  oil  production 
of  this  rock  within  four  counties  of  northwestern  Ohio.  Single  wells 
drilled  during  the  last  year  have  begun  their  production  at  a  rate  of 
10,000  barrels  per  day,  and  more  than  200,000  barrels  of  total  produc- 
tion are  already  to  be  credited  to  single  wells  of  the  new  field,  while 
a  considerable  number  have  passed  the  100,000-barrel  mark. 

THE  BOCK  PRESSURE. 

The  rock  pressure  of  the  gas  is  a  vital  factor  in  all  this  production. 
To  its  energy  is  due  the  propulsion  of  the  volatile  fuel  from  the  wells 
where  it  is  released,  through  20,  30,  50  miles  of  buried  pipes,  to  the 

•  Read  before  the  Geological  Society  of  America,  December  26,  1889.  (From  the 
Bulletin  Qeolog,  8oo.  Amer,,  March  1,  1890,  vol.  i,  pp.  87-94.) 
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cities  which  it  sujiplics  with  tiic  imspcalviibh^  a(lvant:i|ijes  ol*  fj^aseous 
fuel.  It  is  the  same  cause  that  lifts  the  oil  from  the  rock  in  all  tiowing 
wells. 

By  rock  pressure  is  meant  the  pressure  which  a  gauge  shows  in  a 
well  that  is  locked  in  after  the  drill  has  reached  the  gas  reservoir.  The 
iron  tubing  of  the  well  becomes  by  this  means  a  part  of  the  reservoir, 
and  the  same  conditions  as  to  pressure  are  supposed  to  pertain  to  it 
that  are  found  in  the  porous  rock  below. 

The  rock  pressure  of  gas  varies  greatly  in  ditferent  fields  and  to  a 
less,  but  still  an  important,  extent  in  dilferent  i)ortions  of  the  same 
field.  The  highest  rock  pressure  recorded  in  the  Trenton  limest-one  is 
about  650  pounds  to  the  square  inch,  while  there  are  considerable  por- 
tions of  the  gas  territory  that  never  reach  300  ])ouiids  pressure  per 
square  inch.  The  original  pressure  in  the  Findlay  field  was  450  pounds, 
varying  somewhat  in  wells  of  difl'erent  depths.  In  the  Wood  County 
field,  from  which  the  largest  amount  of  gas  is  now  being  conveyed  to 
Ohio  cities,  the  original  x)ressure  ranged  from  420  to  480  i)ounds,  the 
general  pressure  being  counted  460  i)ouuds  to  the  square  inch.  There 
were  bccjisional  records  made  of  still  higher  pressure  in  single  wells, 
but  of  such  cases  the  number  is  very  small,  and  the  existence  of  these 
anomalous  pressures  was  short  lived. 

Passing  to  the  w  estward,  the  gas  wells  of  Auglaize  and  Mender  coun- 
ties show  a  decided  reduction  in  original  rock  pressure  as  compared 
with  Findlay,  though  the  depths  of  the  wells  remain  the  same  as  in  that 
field.  The  highest  pressure  recorded  in  Mercer  County  is  300  [)ounds 
to  the  square  inch,  but  no  gauge  was  applied  to  the  wells  until  they 
had  been  allowed  to  discharge  w  ithout  restraint  for  several  months, 
while  375  and  350  pounds  mark  the  extreme  limit  of  other  i)ortions  of 
this  district. 

In  the  Indiana  field  a  still  further  reduction  of  rock  pressure  is  to  be 
noted.  The  range  of  the  principal  Indiana  wells  is  between  250  and  325 
pounds  to  the  square  inch.  The  Indiana  gas  wells,  as  compared  with 
Ohio  gas  wells,  are  marked  by  a  leduction  in  total  depth,  as  well  as  in 
rock  pressure,  the  figures  for  depth  in  the  productive  territory  seldom 
or  never  passing  1,000  fec*t. 

How  can  these  variations  be  accounted  for  If  Back  of  this  (juestion 
is  a  larger  one,  viz:  What  is  the  ongin  of  the  rock  i)ressure  of  natural 
gas! 

THEORIES   OF   ORIGIN   OF  ROCK   PRESSURE. 

Considering  its  importance,  the  main  question  has  re(*eived  less  con- 
sideration than  would  naturally  be  expected.  The  known  literature  of 
the  subject  is  very  meager.  Prof.  J.  P.  Lesley,  in  the  Annual  Re^}rt 
of  the  Pennsylvania  Survey  for  18H5,  discussed  the  question  at  greater 
length  than  any  other  geologist,  so  far  as  1  know.    In  a  paper  pub- 
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lished  in  the  American  Manufacturer^  May  27, 1887,  I  threw  out  a  few 
suggestions  as  to  the  cause  of  rock  i>ressure,  and  these  suggestious  I 
afterwards  expanded  into  a  more  extended  statement,  in  the  sixth  vol- 
ume of  the  Geology  of  0/n*<>,  p.  90.  Trot.  I.  (!.  White  reminds  me  that 
he  suggested  an  explanation  in  the  journal  nanu»d  above  at  an  earlier 
date  than  either  of  those  given. 

The  men  who  are  engaged  in  the  ]>ractical  development  of  gas  and 
oil  lields  make  great  account  of  rotrk  i>ressur(*.  It  is  the  first  fact  that 
they  inquire  after  in  a  new  gas  field.  They  appreciati*  its  importance 
in  whjitever  utilization  of*  the  gas  they  may  propose,  knowing  that  the 
distance  of  the  markets  that  they  can  reach  and  the  size  of  the  pipes 
that  they  can  emjdoy  are  entirely  dependent  upon  this  element.  These 
l)ractical  men,  so  call(»d,  aie  as  is  well  known,  among  the  most  ven- 
turesome of  theorists,  and  a  questi<m  like  this  would  not  be  likely  to 
be  left  unanswered  by  them.  A  certain  rough  corresjiondence  that 
exists  between  the  dei)th  and  the  rock  pressure  of  wells  is  made  of  great 
acc/>unt  in  explanations  that  they  oiler.  In  other  words,  the  pressure 
is  supposed  to  be  due  to  the  weight  of  the  overlying  rocks;  and  next 
to  this  we  find  among  them  the  expansive  force  of  gas  the  favorite  ex- 
planation of  the  phenomenon. 

In  the  paper  of  Prof.  Lesley,  already  referred  to,  the  learned  author 
suggests  the  two  possible  explanations  of  rock  pressure  already  named, 
and  to  this  he  adds  a  third,  viz,  hydraulic  pressure;  but  he  adds  this 
ex])lanation  only  to  reject  it  as  a  true  cause  of  the  phenomenon  under 
discussion.  The  absurdity  of  the  more  commonly  received  explanation 
of  rock  pressure,  as  due  to  the  depth  of  the  well — in  other  words  to  the 
weight  of  the  overlying  country — he  sets  in  such  clear  light  in  his  dis- 
cussion that  no  further  consideration  of  this  is  required  on  the  part  of 
those  who  are  open  to  reason.  Until  we  can  prove,  or  at  least  render  it 
probable,  that  the  gas  rocks  have  lost  their  cohesion  and  that  they  exist 
at  the  depths  of  storage  in  a  crushed  or  comminuted  state,  no  explana- 
tion can  be  based  upon  the  weight  of  the  overlying  rock  in  account- 
ing for  the  force  with  which  the  gas  escapes  from  its  reservoirs  when 
they  are  x)enetrated  by  the  drill.  Prof.  Lesley  throws  the  whole  weight 
of  his  authority  in  favor  of  the  view  that  the  gas  ''  produces  its  own 
pressure  like  gas  generated  by  chemical  reaction  in  a  closed  vessel." 
This  explanation  certainly  leaves  something  to  be  desired,  for  it  fails  to 
account  for  the  most  significant  and  important  facts  in  this  connection, 
viz,  the  difference  of  rock  pressure  in  different  localities  and  at  differ- 
ent depths.  To  accept  it,  brings  us  no  advantage  whatever  beyond  the 
satisfiK-tion  that  we  may  feel  in  having  an  answer  at  hand  that  can  be 
promptly  given  to  a  troublesome  inquiry. 

For  my  own  part,  I  have  felt  certain  for  more  than  two  years  that  the 
rock  jiressure  of  gjis  in  the  Trenton  limestone  of  Ohio  and  Indiana  is 
hydrostatic  in  origin,  and  I  have  published  a  number  of  facts  that 
seem  to  me  to  give  support  to  this  view.     1  find  that  some  sagacious 
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operators  in  the  new  gas  and  oil  fields  are  coming  to  the  same  groand. 
They  have  become  thoroughly  satisfied  by  their  own  experiences  that 
the  root  of  rock  pressure  is  to  be  foond  in  the  water  column  that  stands 
connected  with  the  porous  rock  in  which  the  gas  and  oil  are  contained. 
In  the  present  pai)er  I  desire  to  present  to  the  Geological  Society 
a  few  fact6  and  conclusions  bearing  upon  the  subject. 

THE  DATA  FOR  THE  HYDROSTATIC  THEORY. 

The  first  question  is,  What  are  the  facts  as  to  the  rock  pressures  of 
the  gas  rock  in  question  and  what  relations  do  they  bear  to  the  depth 
of  wells  and  other  conditions  in  the  Trenton  limestone!  The  answer 
is  not  as  full  and  definite  as  may  be  expected,  certainly  not  as  may  be 
desired.  There  is  but  one  datum  in  the  development  of  a  gas  field  in 
which  the  normal  gas  pressure  can  be  ascertained,  and  that  is  when 
the  first  well  reaches  the  reservoir  and  releases  the  long-imprisoned 
and  greatly  compressed  gas.  But  often  this  favorable  opportunity  is 
lost,  and  gauges  are  not  applied  to  wells  until  the  energy  of  the  first 
flow  is  somewhat  abated.  Again,  different  wells  in  the  same  field,  as 
Findlay,  for  example,  give  different  results.  The  wells  vary  with  the 
depth  at  which  the  gas  rock  is  found.  This  factor  is  found  to  be  an 
essential  one,  as  will  presently  be  shown,  in  connection  with  rock  pres- 
sure. Moreover,  gauges  are  sometimes  inaccurate  and  their  errors 
come  in  to  confuse  the  study  of  the  subject.  Furthermore,  the  exact 
depth  of  the  wells  and  the  exact  altitude  of  the  surface  where  they  are 
located  can  not  be  ascertained  in  all  cases.  Small  errors  of  this  sort 
must  be  provided  for,  and  there  also  enters  into  the  discussion  a  ques- 
tion as  to  the  specific  gravity  of  the  water  which  is  to  be  made  the  mov- 
ing force  of  gas  and  oil.  The  water  found  in  association  with  these 
substances  is  never  fresh.  It  is  always  saline  and  often  highly  miner- 
alized. The  weight  of  fresh  water  to  the  square  inch  is  0.43285  pound 
for  1  foot  in  height  (I  use  Professor  Lesley's  tables).  The  average 
weight  of  sea  water  is  0.445  pound  to  the  square  inch  for  1  foot;  but 
the  mineral  waters  with  which  we  find  the  Trenton  limestone  saturated 
often  reach  a  much  higher  figure.  An  examination  of  several  speci- 
mens shows  that  a  column  1  foot  high  would  weigh  to  the  square  inch 
0.476  pound.  In  fact,  some  of  these  waters  are  more  like  bitterns,  and 
their  columns  would  equal  or  exceed  0.5  pound  per  foot. 

Bearing  these  several  sources  of  ambiguity  or  uncertainty  in  mind,  we 
can  consider  the  records  of  pressure,  depth,  and  the  other  factors  that 
are  accessible.  The  figures  as  to  pressure  have  already  been  summa- 
rized in  a  preceding  paragraph,  but  they  will  be  repeated  in  an  accom- 
panying tabular  statement.  Before  coming  to  this,  however,  let  me  in 
the  briefest  terms  review  the  conditions  under  which  gas,  oil,  and  salt 
water  exist  in  the  Trenton  limestone.  The  uppermost  beds  of  the  great 
Trenton  formation  in  northwestern  Ohio,  central  and  northern  Indiana, 
Michigan,  Illinois,  and  Wisconsin  consist  of  a  porous  dolomite  5,  50, 100, 
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or  even  150  feet  in  thickness.  Sometimes  the  dolomite  is  found  in  a 
continuous  body,  but  oftener  in  interrupted  beds.  This  part  of  the  for- 
mation has  outcrops  in  the  Manitoulin  islands  of  Lake  Superior  and  in 
the  Galena  limestoneof  Illinois  and  Wisconsin.  In  the  gas  and  oil  fields, 
it  is  found  lying  in  terraces  and  monoclines,  or  flat  arches,  800  to  1,500 
feet  below  the  surface;  and  these  several  features  effect  the  separation 
of  the  varied  contents  of  the  porous  rock.  The  boundaries  of  gas,  oil, 
and  salt  water  are  easily  determinable  and  are  scrupulously  maintained 
in  the  rock,  except  that  as  soon  as  development  begins  the  salt  water 
is  always  the  aggressive  and  advancing  element.  When  the  drill  de- 
screiids  into  the  gas  rock  proper  dry  gas  escapes;  when  into  the  contig- 
uous and  lower-lying  terrace,  oil  accompanied  with  gas  appears,  as  al- 
ready described ;  but  at  a  little  lower  level  salt  water  is  struck,  and  this 
rises  promptly  in  the  well,  sometimes  to  the  point  of  overflow.  Far  out 
from  the  narrow  ridges  or  restricted  terraces  where  gas  and  oil  are  found 
the  salt  water  reigns  undisturbed,  and  wherever  reached  by  the  drill  it 
rises  in  the  wells  as  in  those  already  described.  It  would  be  in  the  high- 
est degree  absurd  to  count  the  little  pockets  of  gas  that  are  found  in 
the  arches  the  cause  of  the  ascent  of  this  ocean  of  salt  water  a  score 
or  a  hundred  miles  away.  The  rise  of  the  salt  water  is  unmistakably 
artesian.  It  depends  on  hydrostatic  pressure,  as  does  the  flow  of  all 
artesian  wells,  and  its  head  must  be  sought,  as  in  other  like  flows,  in 
the  higher  portions  of  the  stratum  that  are  contiguous. 

The  nearest  outcrops  of  this  porous  Trenton  have  been  already 
named.  They  are  found  in  the  shores  of  Lake  Sui)erior  at  an  altitude 
of  about  600  feet  above  tide.  It  is  certainly  significant  that  when  an 
abundant  flow  of  salt  water  is  struck  in  a  boring  in  northern  Ohio  or 
in  Indiana,  no  matter  at  what  depth,  it  rises  generally  about  to  the  level 
of  Lake  Superior;  or,  in  other  words,  about  600  feet  above  tide.  If  the 
mouth  of  the  well  is  below  this  level,  as  is  the  case  in  the  Wabash  Val- 
ley, the  salt  water  overflows.  On  the  shore  of  Lake  Erie  the  water 
rises  to  within  20  feet  of  the  surfaee;  in  Findlay,  to  within  200  feet. 
The  height  to  which  the  salt  water  rises  in  any  portion  of  the  field  is 
one  of  the  elements  to  be  used  in  measuring  the  force  which  can  be 
exerted  on  the  gas  and  oil  that  are  caught  in  the  traps  of  the  terraces 
and  arches  of  the  porous  Trenton  limestone. 

Why,  then,  is  not  the  rock  pressure  of  the  ga^  the  same  in  all  por- 
tions of  the  new  horizon?  For  the  obvious  reason,  I  reply,  that  there 
is  a  varying  element  involved,  viz.,  the  depth  of  the  rock  belotc  sea  level. 
The  surface  elevations  at  the  wells  vary  greatly,  and  the  wells  of  the 
same  depth  consequently  And  the  gas  rock  in  very  different  relations 
to  sea  level. 

THE   TEST   OF   THE  HYDROSTATIC   THEORY. 

It  is  obvious  that  if  an  explanation  of  the  rock  pressure  of  the  Tren- 
ton limestone  gas  is  attempted  on  this  basis,  there  are  facts  enough 
now  at  command  to  substantiate  or  overthrow  it.    By  the  facts  it  must 
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stand  or  fall.  In  the  accompanying  table  I  have  indicated  the  follow- 
ing lines  of  facts  as  to  strictly  representative  wells  in  the  leading  dis- 
tricts of  the  new  gas  fields,  viz,  (1)  location,  (2)  depth  at  which  gas  is 
found,  (3)  relation  of  this  depth  to  sea  level,  (4)  the  initial  rock  pres- 
sure of  the  gas.  In  regard  to  the  last  line  of  facts  I  have  taken,  in 
almost  all  cases,  figm-es  that  I  have  myself  verified.  (5)  A  fifth  column 
I  add,  ill  which  the  pressure  due  in  the  particular  well  is  calculated 
from  the  two  following  elements,  viz,  an  assumed  elevation  of  the  salt 
water  to  the  Lake  Superior  level,  or  600  feet  above  tide;  and,  secondly, 
an  assumed  specific  gravity  of  the  salt  water  of  the  Trenton  of  1.1, 
which  gives  a  weight  of  0.476  pound  to  the  foot. 


Locations. 


OHIO. 

Tiffin,  Loomi8&  Nyman  well 

Upper  Sandusky,  well  No.  1 

Bloom  Township,  Wood  County,  Godsend  well.. 

Findlay,  Pioneer  well 

St.  Mary's,  Axe  well 

St.  Henry's,  Dwyerwell,  No.  1 

INDIANA. 

Kokomo,  well  No.  4 

Marion,  well  No.  3 

Muncie 


Depth  to 
gas. 

Eelation    of 

gas  rock  to 

sea  level 

(below  tide). 

Original  or 

first  observed 

preciBure. 

Calculated 

pressure 

1  foot =0.476 

pound. 

Feet. 

Fut. 

Voxinds. 

PoundM. 

1,500 

747 

650r 

641 

1,280 

478 

515 

613 

1.145 

395 

465 

473.6 

1,120 

336 

450 

445.7 

1,159 

238 

390 

898.8 

1,156 

200 

376 

385 

936 

98 

320 

332 

870 

78 

323 

322.7 

900? 

(*) 

3001 

286.6 

*  At  tide  level. 

These  figures  seein  to  me  to  settle  the  question  as  to  the  origin  of  the 
rock  pressure  of  the  gas  in  this  formation.  I  feel  sure  that  nicer  de- 
terminations of  the  facts  involved  as  to  altitude  and  depth  would  bring 
a  still  closer  agreement  between  columns  four  and  five.  I  will  ask  you 
to  note  in  particular  the  facts  as  to  the  St.  Mary's  and  the  St.  Henry's 
wells.  They  have  practically  the  same  depth,  1,159  and  1,156  feet; 
but  there  is  a  difference  of  38  feet  in  the  depth  of  the  gas  rock  with 
reference  to  sea  level.  There  is  a  corresponding  difference  in  the  rock 
pressure  of  15  pounds,  as  recorded.  The  difference  in  rock  pressure 
due  to  this  38  feet  by  calculation  is  13.8  pounds,  or,  practically,  15 
pounds.  I  presume  that  column  five  is  as  near  the  truth  in  this  par- 
ticular as  column  four.  The  gauge  would  quite  certainly  be  reported 
385  pounds  if  it  lacked  but  1  or  2  pounds  of  that  number. 

THE  LAWS  OF   GAS  PRODUCTION. 

The  laws  of  gas  and  oil  production  and  accumulation  are  coming  to 
light  more  clearly  in  the  flat  country  of  Ohio  and  Indiana  than  they 
have  ever  done  among  the  hills  and  valleys  of  the  older  Alleghany 
fields.    As  it  seems  to  me,  no  more  important  deduction  from  the  new 
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districts  has  been  reached  than  the  law  now  stated,  viz:  The  rock  pres- 
sure of  Trenton  limestone  gas  is  due  to  a  salt-tcater  column,  measured 
from  about  600  feet  above  tide  to  the  level  of  the  stratum  which  yields  the 
gas.  The  colamn  can  be  conveniently  counted  as  made  up  of  two  parts, 
viz.,  a  fixed  length  of  600  feet  added  to  the  depth  of  the  gas  rock  below 
tide. 

If  this  explanation  is  accepted  as  satisfactory  for  Trenton  limestone 
gas,  I  venture  to  suggest  that  the  fact  will  go  a  great  ways  towards 
rendering  probable  a  like  explanation  for  rock  pressure  in  all  other 
gas  fields;  but  I  will  not  at  the  present  time  venture  to  extend  it  be- 
yond the  limits  I  have  named.  I  am  aware  of  certain  facts,  or  at  least 
supposed  facts,  ft-om  the  older  fields  that  seem  difficult  of  .explanation 
on  this  basis. 

There  are  a  few  obvious  inferences  from  this  law  to  which  I  venture 
to  call  your  attention  in  closing  this  paper: 

(1)  There  is  no  danger  that  the  great  gas  reservoirs  of  today  will 
"cave  in ^  or  "blow  up'' after  the  gas  is  withdrawn  from  them.  The 
gas  will  not  leave  the  porus  rock  until  the  salt  water  obliges  it  to  leave 
by  driving  it  out  and  taking  its  place. 

(2)  This  doctrine  lays  the  ax  at  the  root  of  all  the  optimistic  theories 
which  blossom  out  in  every  district  where  natural  gas  is  discovered, 
and  especially  among  the  real-estate  operators  of  each  new  field,  to  the 
effect  that  nature  will  not  fail  to  perpetually  maintain  or  perpetually 
renew  the  supplies  which  we  find  so  delightfully  adapted  to  our  com- 
fort and  service.  So  far  as  we  are  concerned  it  is  certain  that  nature 
has  done  about  all  that  she  is  going  to  do  in  this  line.  In  her  great 
labwatory  a  thousand  years  are  as  a  single  day. 

(3)  No  doctrine  could  exert  a  more  healthful  influence  on  the  commu- 
nities that  are  enjoying  the  inestimable  advantages  of  the  new  fuel  than 
this.  If  it  were  at  once  accepted  it  would  add  years  to  the  duration  of 
these  precious  supplies  of  power.  The  ignorant  and  reckless  waste 
that  is  going  on  in  the  new  gas  fields  is  lamentable.  The  worst  of  it 
comes  from  city  and  village  corporations  that  are  bringing  the  gas 
within  their  boundaries  to  give  away  to  manufacturers  whom  they  can 
induce  on  these  terms  to  locate  among  them.  To  characterize  the  use 
of  a  million  feet  of  natural  gas  a  day,  in  a  single  town,  for  burning  com- 
mon brick,  for  example,  or  in  calcining  common  limestone,  there  is  a 
good  word  at  hand,  viz.,  vandalism, 

(4)  If  this  doctrine  of  the  rock  pressure  of  gas  is  the  true  one,  the 
geologists  who  have  to  deal  with  the  subject  and  the  communities  that 
have  found  a  supply  owe  it  to  themselves  to  keep  it  prominently  before 
the  people  who  are  especially  interested.  They  may  make  themselves 
temporarily  disagreeable  thereby,  but  by  just  so  far  as  they  convince 
those  that  are  interested,  they  lengthen  the  life  of  these  precious  sup- 
plies. 

ft  Mis.  334,  pt.  1 11 
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THE  DURATION  OF  GAS  SUPPLY. 

Judging  firom  the  present  indications,  the  Trenton  limestone  gas  of 
Ohio  is  not  likely  to  be  long-lived.  It  seems  entirely  probable  that  the 
term  of  its  further  duration  can  be  stated  within  the  limits  of  numbers 
that  are  expressed  by  a  single  digit.  In  considerable  sections  of  the 
Held,  the  salt  water  is  very  aggressive.  It  requires  a  steadily  increas- 
ing pressure  on  the  wells  to  hold  it  back.  In  one  district  last  year,  one 
hundred  and  twenty-five  pounds  pressure  would  keep  the  gas  dry,  while 
now  two  hundred  pounds  are  required  for  the  same  purpose. 

There  is  likely  to  be  great  disappointment  in  regard  to  what  is  called 
gas  territory.  The  pressure  and  volume  of  large  areas  are  found  to  fail 
together.  Wells  draw  their  supplies  from  long  distances.  A  farm,  or 
even  a  mile-square  section,  may  be  eftectually  drained  of  its  gas  with- 
out a  well  being  drilled  upon  it. 

Natural  gas  is  a  very  admirable  product,  but  its  highest  oflBce,  after 
all,  should  be  to  prepare  the  way  for  something  better  than  itself,  viz., 
artificial  gaseous  fuel — ^better,  for  the  reason  that  while  it  furnishes  all 
the  intrinsic  advantages  of  natural  gas,  it  will  be  free  from  the  inevita- 
ble disadvantages  of  treasures  secured  in  the  way  in  which  the  stores 
of  the  great  gas  fields  have  been  gained. 
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By  Walter  Harvey  Weed. 


The  hot- water  fountains,  called  geysers,  are  natural  wonders  that  are 
of  general  as  well  as  scientific  interest.  The  striking  manifestation 
which  they  afford  of  the  earth's  internal  heat,  their  great  beauty,  and 
novel  surroundings  make  them  indeed  worthy  of  that  wide-spread  inter- 
est which  they  arouse,  and  it  is  in  the  hoi>e  of  gratifying  a  general  cu- 
riosity concerning  these  wonderful  fountains  that  the  present  paper 
has  been  written. 

At  the  outset  of  this  inquiry  into  the  nature  and  occurrence  of  these 
natural  steam  engines  it  is  necessary  to  exactly  define  what  is  a  gey- 
ser? Briefly,  a  geyser  is  a  hot  spring  which  intermittently  ejects  a  col- 
umn of  boiling  water  and  steam.  Before  attempting  to  present  such  a 
general  account  of  the  various  geyser  regions  of  the  world  as  will  en- 
able the  reader  to  follow  the  deductions  derived  from  a  study  of  the 
occurrence  and  the  characteristics  of  geysers,  it  maybe  well  to  present 
a  sunmiary  of  the  paper. 

It  is  believed  that  the  facts  recorded  in  this  article  show: 

First.  That  geysers  occur  only  in  volcanic  regions,  and  in  acid  vol- 
canic rocks.  In  Iceland  and  New  Zealand  the  volcanic  fires  are  still 
active.  In  the  YeDowstone  region  the  lavas  are  chiefly  of  pre-glacial 
age. 

Second.  Geysers  occur  only  along  lines  of  drainage,  on  shores  of  lakes 
or  other  situations  where  meteoric  waters  would  naturally  seek  the  sur- 
face. Unheated  waters  are  often  found  issuing  in  close  proximity  to 
geysers. 

Third.  Geyser  waters  are  meteoric  waters  which  have  not  penetrated 
to  great  depths  but  have  been  heated  by  ascending  vapors. 

Fourth.  The  supply  of  heat  is  derived  from  great  masses  of  lava 
slowly  croling  firom  a  state  of  former  incandescence,  heating  waters, 
whi(?li,  descending  to  the  hot  rocks,  ascend  as  highly  heated  vapors. 

Fifth.  The  intermittent  spouting  of  geysers  is  due  to  the  gradual 
heating  of  water  accumulated  in  fissures  or  tubes  in  the  rocks,  the  only 
mechanism  necessary  being  a  tube,  which  may  or  may  not  have  local 
expansions  or  chambers. 
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Sixth.  Geysers  may  originate  in  several  ways,  though  most  commonly 
produced  by  the  opening  of  new  waterways  along  fissure  planes  of  the 
rocks,  by  a  gradual  eating  out  of  a  tube  by  ascending  hot  vapors. 

Seventh.  The  thermal  activity  of  geyser  regions  is  not  rapidly  dying 
out.  The  decrease  of  heat  is  very  slow,  and  though  changes  take  place 
from  year  to  year,  the  establishment  of  new  geysers  and  new  hot  springs 
offsets  the  decay  or  drying  up  of  old  vents. 

Attempts  to  solve  the  mysterious  spouting  of  geysers  date  back  to 
the  earlier  part  of  the  present  epoch  of  scientific  research,  and  the 
genius  of  Bunsen  and  Deseloiseaux  was  devoted  to  a  study  of  the  Ice- 
land geysers  as  early  as  1847.  The  most  important  result  of  their  ex- 
periments and  observations  was  a  theory  of  geyser  action,  now  (with 
slight  modifications)  generally  accepted,  but  other  conclusions  have 
lately  been  proven  by  observations  made  in  the  Yellowstone  Park  to  be 
erroneous.  Although  numerous  visits  to  the  geysers  of  Iceland  by 
later  observers  led  to  various  ingenious  speculations  and  theories  re- 
specting geyser  eruptions,  the  questions  of  geyser  origin  and  the  sig- 
nifigance  of  their  occurrence  and  other  questions  of  broader  scope 
were  not  touched  upon. 

The  discovery  of  the  geysers  of  New  Zealand  appears  to  have 
awakened  interest,  more  because  of  the  wonderfully  beautiful  terraced 
basins  about  the  geysers  of  Eotomahana  than  from  any  appreciation 
of  the  opportunity  afforded  for  a  study  of  the  geysers  themselves,  their 
relations  to  the  geological  structure  of  the  country,  or  their  raison 
(Vetre;  and  not  until  the  mapping  and  study  of  the  Yellowstone  geyser 
basins  was  made  by  the  Hayden  survey,  was  there  the  slightest  attemi>t 
to  look  at  the  broader  questions  awaiting  solution.  In  his  final  report, 
after  giving  an  account  of  various  theories  of  geyser  action,  Dr.  Peale 
discusses  very  briefly  various  pecularities  of  geysers  and  the  supposed 
influence  of  atmospheric  charges  and  concludes  with  a  statement  of 
the  three  conditions  he  believes  to  be  necessary  to  the  existence  of 
geysers  which  are  essentially  confirmed  by  the  long  continued  study  of 
the  Yellowstone  region  by  the  writer. 

In  looking  at  the  distribution  of  geysers  in  various  parts  of  the 
world  one  is  quickly  impressed  with  their  great  rarity.  Hot  springs 
abound  in  many  countries,  but  boiling  springs  are  characteristic  only 
of  regions  of  recent  (that  is  geologically  recent)  volcanic  activity;  it  is 
only  in  such  regions  that  geysers  occur.  Until  late  in  this  century 
Iceland  was  the  only  land  where  geysers  had  been  found.  Less  than 
forty  years  ago  they  were  discovered  in  considerable  numbers  in  Ncav 
Zealand,  and  since  then  a  few  others  have  been  reported  from  other 
parts  of  the  world.  The  *^  Geyserland"  of  the  world  is  undoubtedly, 
however,  the  Yellowstone  National  Park,  a  region  situated  in  the  heart 
of  the  Rocky  Mountains,  at  the  head  waters  of  the  Missouri  and  Yel- 
lowstone, and  discovered  so  lat-e  as  1869. 
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In  order  to  bring  before  the  reader  a  general  idea  of  the  true  relation 
of  geyser  vents  to  the  surrounding  topography  and  water  courses  of 
the  districts^  a  brief  description  of  the  three  great  geyser  regions  of 
the  world  will  be  attempted.  It  has  been  my  good  fortune  to  have 
spent  seven  summers  at  the  various  geyser  *^  basins  "  of  the  Yellow- 
stone in  connection  with  my  duties  as  assistant  geologist  on  the  U.  S. 
Geological  Survey  party,  under  Arnold  Hague.  The  other  regions  are 
familiar  from  a  large  series  of  excellent  photographs  as  well  as  through 
the  descriptions  of  Mends  and  the  writings  of  other  visitors  to  those 
countries. 

THB   ICELAND  OETSEBS. 

Iceland  is  the  birthplace  of  the  word  geyser.  It  has  been  caUed  the 
land  of  frost  and  fire,  and  indeed  in  no  place  are  the  evidences,  nay  the 
very  forces  themselves,  of  frost  and  fire  brought  so  forcibly  in  contrast. 
The  island  is  eminently  a  volcanic  region,  a  central  table-land  with 
sharp  volcanic  peaks,  hooded  with  great  Jokuls  or  glaciers,  man- 
tled with  perpetual  snows,  and  surrounded  by  a  more  or  less  narrow 
strip  of  lowland  bordering  upon  the  sea.  The  evidences  of  internal 
fire  are  unmistakable.  Hecla  and  other  volcanoes  are  occasionally 
active,  and  the  whole  island  is  covered  with  lava  poured  out  by  the 
volcanoes,  and  the  source  of  the  heat  supplying  the  geysers  is  unques- 
tioned. 

As  would  naturally  be  expected  from  the  combination  of  water  and 
fire,  hot  springs  are  abundant  and  at  a  few  localities  geysers  are  found. 
The  most  noteworthy  of  these  is  Haukadal,  where  The  Geyser,  Strokr, 
and  a  smaller  geyser  ai^e  found.  This  locality  is  about  70  miles 
from  Keykiavik,  the  Iceland  metropolis,  and  is  only  reached  on  horse- 
back over  beds  of  clinkers  and  rough  lava  fields;  a  dreary  ride  so  far 
as  scenery  goes,  but  of  fresh  novelty  to  visitors  from  warmer  lands. 
The  hot  springs  are  clustered  in  an  area  of  about  20  acres,  at  the  base 
of  a  hill  about  an  eighth  of  a  mile  long  and  300  feet  high,  and  at  the 
edge  of  the  marshy  bottom  that  stretches  out  toward  the  Hvita  River. 
The  springs  are  really  at  the  base  of  the  seaward  border  of  the  high 
ground  where  the  waters  that  have  percolated  through  the  tufas  and 
porous  lavas  of  the  higher  region  would  come  to  the  surface.  The  two 
geysers,  Strokr  and  The  Geyser,  issue  from  mounds  of  gray  or  white 
silica  deposited  by  the  hot  waters,  and  the  neighboring  springs  are  sur- 
rounded by  lesser  areas  of  the  same  material,  while  on  the  hillside  back 
of  the  springs  the  rock  is  decomposed  by  the  steam  of  fumeroles.  These 
two  large  spouters  show  two  tyx>e8  of  geysers.  Strokr  has  a  funnel-like 
pit  36  feet  deep  and  8  feet  across,  (see  fig.  1,  page  174,)  expandingHnto 
a  saucer-like  basin.  The  tube  is  generally  filled  to  within  6  feet  of  the 
top  with  clear  water,  which  boils  ftiriously,  owing  to  the  escape  of  great 
bubbles  of  steam  coming  from  two  openings  in  opx>osite  sides  of  the 
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tube.  The  eruptions  are  quite  as  beautiful  as  those  of  its  more  famous 
companion,  the  jets  rising  in  a  sheaf-like  column  to  a  height  of  100  or 
more  feet,  eruptions  taking  place  at  very  irregular  and  long  intervals; 
but  by  putting  a  lid  on  this  great  kettle,  by  dumping  in  large  pieces 
of  turf,  an  eruption  can  be  produced  in  a  short  time. 

The  Geyser,  on  the  contrary,  is  a  pool  of  limpid,  green  water  whose 
snrface  rises  and  falls  in  rhythmic  pulsations.  The  usual  temx)erature 
is  but  170^  F.  or  200^  F.,  but  varies,  being  greater  immediately  before 
an  eruption.  The  shallow,  saucer-like  basin  is  about  60  feet  across  and 
slopes  gently  to  a  cylindrical  shaft  10  feet  in  diameter,  forming  the  pipe 
of  the  geyser ;  this  is  about  70  feet  deep.  This  regularity  of  the  tube  be- 
comes important  when  we  consider  Bunsen's  experiments  and  the  theory 
of  geyser  action  he  deduced  from  them.  Before  an  eruption  bubbles 
of  steam  entering  the  tube  suddenly  collapse  with  loud  but  muffled  re- 
I)Orts  and  a  disturbance  of  the  quiet  surface  of  the  water.  During  this 
simmering,  for  such  it  is,  the  water  rises  in  dome- like  mounds  over  the 
pipe  and  overflows  the  basin,  running  down  the  terraced  slope  and  wet- 
ting the  cauliflower-like  forms  of  sinter  that  adorn  it. 

The  eruptions  that  so  long  puzzled  and  astonished  visitors  to  this  re- 
mote land  are  surpassed  by  those  of  the  giants  of  the  Yellowstone, 
but  their  beauty  is  not  less.  A  short  time  before  Geyser  plays,  the 
domes  of  water  rising  in  the  center  of  the  basin,  come  in  quick  succession 
and  finally  burst  into  spray,  followed  by  a  rapid  succession  of  jets  in- 
creasing in  heiglit  until  the  column  is  100  feet  high.  Dense  clouds 
of  steam  momentarily  hide  the  glistening  sheaf  of  jets,  hiding  it  from 
sight,  then  drifting  away  in  the  breeze  again  reveal  the  sparkling  shaft. 

These  eruptions  have  varied  much  in  appearance  and  height  since  the 
geyser  was  first  known.  At  present  the  column  does  not  exceed  90 
feet  and  the  eruption  lasts  but  a  few  moments.  After  it  the  basin  is 
empty  and  seems  to  be  lined  with  a  smooth  coating  of  white  silica. 

THE  GEYSERS  OF  NEW  ZEALAND. 

The  geysers  of  Kew  Zealand  are  situated  in  a  region  clothed  with  a 
luxuriant  vegetation  that  is  in  strong  contrast  to  the  bleak  and  barren 
lava  fields  of  Iceland,  but  an  examination  of  the  position  of  the  springs, 
with  respect  to  the  physical  features  of  the  region,  shows  that  the 
situation  of  the  geysers  is  nearly  the  same  in  these  antipodal  isles. 
The  New  Zealand  geysers  occur  in  the  North  Island,  in  what  is  known 
as  the  volcanic  region,  or  the  Taupo  zone.  Within  an  area  of  4,725 
square  miles,  in  which  none  but  volcanic  rocks  are  found,  there  are  six 
volcanoes,  and  great  numbers  of  solfataras,  fumeroles,  mud  volcanoes, 
and  hot  springs,  and  many  geysers.  The  lavas  are  all  of  the  acid  type, 
mostly  rhyolite,  but  are  hidden  by  surface  decomposition  and  an  abun- 
dant vegetation,  save  upon  the  flanks  of  the  peaks.    The  axial  line  of 
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this  zone  rnnniiig  northeast  is  marked  at  each  end  by  an  active  vol- 
cano, and  its  course  by  a  line  of  greatest  hydro  thermal  activity;  a 
sinuous  line  of  hot  springs  following  well  marked  geographic  features 
of  river  valleys,  low  plains,  and  lake  margins,  with  higher  country  on 
either  side  rising  to  plateaus  of  2,000  to  3,000  feet  above  the  sea. 

Little  is  known  of  the  geysers  on  the  sh  jres  of  Lake  Taupo,  or  those 
on  the  banks  of  the  Waikato  River,  but  the  famous  terraces  of  Ro- 
tomahana,  cfilled  the  eighth  wonder  of  the  world  by  James  Anthony 
Froude,  attracted  attention  to  the  geysers  which  formed  them,  and 
made  their  vicinity  the  best  known  part  of  the  district.  The  warm 
lake,  called  by  the  Maoris,  Eotomahana,  was  a  shallow  body  of  warm 
water,  about  a  mile  long,  and  a  quarter  of  a  mile  broad,  comprising 
185  acres.  The  waters  were  of  a  dirty,  greenish  hue,  reflecting  the 
somber  green  of  the  fern  and  the  ti-tree-covered  slopes  about  it,  and 
the  sedgy  margins  sheltered  large  numbers  of  duck  and  other  water- 
fowl. Rising  above  its  surface  like  stairways  of  delicately  sculptured 
marble,  were  the  pink  and  white  terraces.  At  the  top  of  the  terrace, 
120  feet  above  the  lake,  was  the  Terata  geyser,  whose  overflow  had 
built  up  this  wonderful  work  and  filled  the  basins  and  pools  with  wa- 
ters whose  tints  were  both  the  delight  of  the  eye  and  the  despair  of 
the  pen. 

The  geyser  caldron  was  some  60  by  80  feet  across,  its  clear  and  boil- 
ing water  usually  overflowing,  and  occasionally  ejected  to  a  height  of 
40  to  100  feet,  wetting  the  steep  banks  of  bright-colored  fumerole  clays 
about  the  crater,  but  not  forming  the  beaded  geyserite,  characteristic 
of  so  many  of  these  fountains.  Such  eruptions  followed  a  period  of 
quiescence,  when  the  waters  retired  within  the  pijie  for  many  hours. 
Owing  to  the  comparative  inaccessibility  of  the  caldron  and  the  beauty 
of  the  terraces,  but  few  observations  are  on  record  of  the  action  of  the 
geyser.  The  water  carried  150  grains  of  solid  matter  to  the  gallon,  of 
which  one-third  was  silica,  and  the  daily  outflow  of  100,000  to  600,000 
gallons  per  hour  brought  up  10  tons  of  solid  matter  dissolved  out  of 
the  underlying  rocks.  It  is  easy  to  see  what  great  underground  cav- 
erns would  be  fonned  by  this  geyser  alone  in  a  comparatively  brief  time. 
In  the  volcanic  outbreak  of  Tarawera,  in  June,  1886,  the  waters  of  the 
lake  and  underground  reservoirs  were  drawn  into  the  newly  opened 
fissure,  and,  by  the  extraordinary  explosion  that  followed  the  terraces 
were  destroyed,  and  the  site  of  Rotomahara  became  a  crater  that  threw 
mud  over  the  surrounding  country. 

THE  YELLOWSTONE   "  GEYSEELAND." 

The  wonderful  variety,  the  great  number,  and  the  large  size  of  the 
geysers  of  America,  found  in  the  Yellowstone  National  Park,  demand 
a  somewhat  longer  account  of  this  region,  which  I  am  the  more  willing 
to  give  as  it  has  been  my  good  fortune  to  have  spent  a  large  part  of 
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the  past  nine  summers  in  a  study  of  its  geysers  and  hot  springs.  To 
many  readers  this  region  is  doubtless  familiar.  The  geysers  are  found 
in  detached  groups,  occupying  basins  or  valleys  of  the  great  table-land 
which  forms  the  central  portion  of  the  park,  a  region  whose  heavy 
forests  and  uninviting  aspect,  combined  with  the  rugged  nature  of  the 
encircling  mountain  ranges,  so  long  proved  a  barrier  to  exploration 
even  to  those  adventurous  trappers  and  prospectors  of  the  Great  West, 
and  deferred  the  discovery  of  this  marvellous  region  until  so  recent  a 
date  as  1869. 

The  geyser  "basins,"  as  the  localities  are  termed,  conform,  in  their  re- 
lations to  the  surrounding  high  ground  and  their  coincidence  with  lines 
of  drainage  and  the  loci  of  springs,  to  the  laws  governing  the  distribu- 
tion of  the  same  phenomena  in  other  part^  of  the  world.  The  park  itself 
is  a  reservation  of  about  3,500  square  miles,  the  central  portion  being  an 
elevated  volcanic  plateau,  accentuated  by  deep  and  narrow  canons  and 
broad  gentle  eminences,  and  surrounded  by  high  and  rugged  mountain 
ranges.  This  central  portion,  whose  average  elevation  is  about  8,000 
feet  above  the  sea,  embraces  all  the  hot-spring  and  geyser  areas  of  the 
park«  The  volcanic  activity  that  resulted  in  the  formation  of  the  park 
plateau  may  be  considered  as  extinct,  nor  are  there  any  evidences  of 
fresh  lava  flows.  Yet,  the  hot  springs  so  widely  distributed  over  the 
plateau  are  convincing  evid^ce  of  the  presence  of  underground  heat. 
There  is  no  doubt  that  the  waters  derive  their  high  temperature  from 
the  heated  rocks  below,  and  that  the  origin  of  the  heat  is,  in  some  way? 
associated  with  the  source  of  volcanic  energy. 

The  various  geyser  basins,  or  fire  hoks,  as  they  were  called  by  the 
first  explorers,  each  possess  individual  peculiarities  which  give  charac- 
ter and  interest  to  each  locality.  The  most  noted  of  these  "  basins"  is 
however  that  known  as  the  Upper  Geyser  Basin  of  the  Firehole  River^ 
one  of  the  headwaters  of  the  great  Missouri.  This  ''  Upper  Basin,"  as  it 
is  generally  called,  lies  a  little  westward  of  the  center  of  the  park,  and 
is  reached  by  a  ride  of  some  50  miles,  over  excellent  roads,  from  the 
railroad  terminus.  It  is  a  valley  of  1^  miles  long  by  one-half  mile 
broad,  inclosed  by  the  rocky  cliffs  or  darkly  wooded  slopes  of  the  great 
Madison  Plateau,  and  drained  by  the  Firehole  River,  along  whose 
banks  the  largest  geysers  are  situated.  The  whole  floor  of  the  valley 
is  fairly  riddled  with  springs  of  boiling  water,  whose  exquisite  beauty 
is  indescribable.  Light  clouds  of  fleecy  vapor  curl  gently  upward  from 
waters  of  the  nurest  azure  or  the  clearest  of  emerald,  and,  encu'cling 

ilica,  form  fit  setting  for  such  great  gems. 
K)r  is  covered  with  the  white  deposit  of  silica 
deposited  by  the  overflowing  hot;  waters.* 
je  areas,  the  gaunt  white  trunks  of  pine  trees 
le  myriad  pools  of  steaming  crystal,  and  the 
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white  clouds  floating  off  from  the  chimney-like  geyser  cones,  form  a 
scene  never  to  be  forgotten  by  those  fortunate  enough  to  behold  it. 
Within  this  basin  there  are  nearly  thirty  geysers,  presenting  many 
variations  of  bowl  or  basin,  mound  and  cone,  and  whose  eruptions  are 
equally  diversified  in  form  and  beauty. 

Sentinel,  Fan,  Cascade,  Riverside,  Mortar,  and  Grotto,  greet  one  on 
entering  the  basin,  either  by  quiet  steaming  or  by  flashing  jets.  Giant, 
Splendid,  Castle,  Grand,  Giantess,  Lion,  and  Old  Faithful  are  but  a 
few  of  the  wondrous  fountains  of  the  place.  The  last  is  most  deserving 
of  its  name.  Every  since  its  discovery,  in  1870,  it  has  not  failed  to  send 
up  a  gra(5eful  shower  of  jets  at  a  regular  interval  of  sixty-five  minutes. 
Its  beauty  is  ever  varying,  as  wind  and  sunlight  play  upon  it,  and  the 
mound  about  its  ven{  is  adorned  with  delicately  tinted  basins  of  salmon, 
pink,  and  yellow,  filled  with  limpid  water  whose  softness  is  enticing.  It 
is  the  geyser  of  the  park,  and  indeed  of  the  world,,  and  many  a  visitor 
to  *^  geyserland''  departs  without  seeing  any  other  of  the  many  spouters 
in  action  and  yet  feels  more  than  repaid  for  the  journey.  For  beauty 
of  surroundings,  the  Castle  will  perhaps  be  awarded  the  palm;  its 
sinter  chimney  or  cone  is  formed  of  exquisite  cauliflower  or  coral-like 
geyserite  whose  general  form  makes  the  geyser's  name  appropriate.  Its 
eruptions  are  firequent,  occurring  about  every  thirty  hours,  when  a 
stream  of  hot  water  is  thrown  up  to  a  height  of  75  feet  for  some 
fifteen  minutes,  followed  by  the  emission  of  steam,  with  a  loud  roar 
that  can  be  heard  for  miles.  A  few  hours  after  the  eruption  the  tube 
is  again  full,  and  occasional  jets  of  10  to  20  feet  are  thrown  out  until 
the  next  eruption  ensues. 

The  greatest  geyser  of  the  park,  and,  indeed  the  grandest  of  the 
whole  world,  is  Excelsior,  some  25  miles  beyond  theNorris  Basin.  Un- 
like the  less  capricious  and  more  fountain  like  geysers  of  the  Upper 
Firehole,  this  monster  of  geysers  does  not  spout  from  a  fissure  in  the 
rock,  nor  from  a  crater  or  cone  of  its  own  building.  It  is  a  monster  of 
destruction,  having  torn  out  its  great  crater  in  the  old  sinter-covered 
slope,  builded  by  the  placid  and  beauteous  Prismatic  Lake.  The  walls, 
formed  by  the  jagged  ends  of  the  white  sinter  layers,  are  lashed  by 
the  angry  waters  that  are  ever  undermining  the  sides  and  enlarging  the 
caldron.  The  eruptions  are  so  stupendous  that  all  other  geysers  are 
dwarfed  by  comparison.  The  grand  outburst  is  preceded  by  several 
abortive  attempts,  when  great  domes  of  water  rise  in  the  center  and 
burst  into  splashing  masses  10  to  15  feet  high,  while  the  waters  surge 
under  the  overhanging  walls  and  overflow  the  slope  between  the  crater 
and  the  river.  Finally,  with  a  grand  boom  or  report  that  shakes  the 
ground,  an  immense  fan-shaped  mass  of  water  is  thrown  up  to  a  height 
of  200  or  more  feet,  great  clouds  of  steam  rolling  off  from  the  boiling 
water,  while  large  blocks  of  the  white  sinter  are  flung  far  above  the 
water  and  fall  about  the  neighboring  slopes.  It  is  a  sight  that  inspires 
enthusiasm  in  the  most  phlegmatic,  and  few  can  resist  the  temptation 
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to  give  loud  expression  to  their  feelings.  tJnfortunately,  this  monareli 
of  all  geysers  has  ceased  to  erupt,  but  may  be  expected  to  break  forth 
again  at  any  time. 

Everywhere  save  at  the  Norris  basin,  of  the  Yellowstone  Park,  geyser 
vents  are  surrounded  by  cones,  mounds,  or  platforms  of  white  siliceous 
Hinter,  which,  though  built  up  into  very  beautiful  forms,  hides  the  true 
relation  of  the  geyser  vent  to  the  fissures  in  the  rocks,  so  that  it  hag 
been  generally  believed,  as  stated  by  Tyndall,*  that  the  hot  springs 
built  up  tubes  of  siliceous  rock,  that  made  them  geysers.  That  this  is 
not  true  is  shown  by  several  great  fountains  at  the  Norris  basin,  that, 
spout  directly  from  fissures  in  the  solid  rock,  notably  the  Monarch, 
Tippecanoe,  and  Alcove  geysers. 

aETSEB  WATERS. 

The  descriptions  which  have  been  given  of  the  chief  geyser  regions 
of  the  world  lead  to  the  question:  What  is  the  source  and  character 
of  the  geyser  waters  t  It  has  been  plainly  indicated  that,  in  the  fields 
described,  the  vents  are  always  situated  along  lines  of  drainage,  on 
the  shores  of  lakes,  or  under  conditions  where  ordinary  springs  of 
meteoric  water  would  naturally  occur. 

That  the  geyser  waters  are  surface  waters  which  have  percolated 
through  the  porous  lavas  and  have  been  heated  by  encountering  great 
quantities  of  steam  and  gases  rising  firom  the  hot  rocks  below  there  is 
no  reasonable  doubt.  The  proximity  of  ordinary  cold  springs  and 
those  of  boiling  hot  water  lends  support  to  this  view. 

These  hot  waters,  traversing  the  rocks  in  irregular  fissures,  readily 
dissolve  out  the  more  soluble  constituents  of  the  rocks,  the  amount  and 
the  character  of  the  salts  present  varying  somewhat  with  the  nature 
and  amount  of  gases  held  in  the  waters.  Chemical  analyses  of  geyser 
waters  from  the  three  regions  described  show  no  greater  variation  than 
those  from  different  vents  in  any  one  of  these  regions.  The  following 
table  of  analyses  shows  that  the  waters  are  all  similar  in  character.  The 
analysis  of  the  Yellowstone  water  was  made  by  Prof.  F.  A.  Gooch  and 
for  the  U.  S.  Geological  Survey.  Analyses  are  also  given  of  the  water 
from  the  great  geyser  of  Iceland,  and  from  the  New  Zealand  geysers, 
the  former  by  Damour,t  the  latter  by  Smith.^ 


*  Heat  as  a  mode  of  motion. 

t  Ann,  Chem.  u.  Pharm.,  vol.  LXii,  1847,  p.  49. 

t  Jour,  fur  prakt,  Chemie,,  vol.  lxxix,  1869,  p.  186. 
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Analyses  of  geyser  waters, 
[ConsUtueutA  grouped  in  probable  oombiDAtion.    Grams  per  kilogram.] 


Si0.,8mca 

XaCl,  Mxliuiu  chloride 

LiCl,  lithiam  chloride 

KCl  potaasium  chloride 

KB,  potaaaium  bromide 

Na;iS04,  sodium  nulphate 

Na^B40,.  sodium  borate 

7Ca.,AaOt,  sodium  arsvniate 

NaaSiOj,  sodium  f»ilicate 

^'a^COj,  sodium  carbonate 

3IgC()s,  magnesium  carbonate . 

CaCoj,  lime  carbonate 

FeCOj,  iron  farlx>nat« 

Al,Oi,  aluntina 

U.S,  hydrogen  sulphide 

K  H4CI,  ammonium  chloride  . . . 

COst  carbonic  acid 

KsS04,  potaiisium  sulphate 

MgS04,  magn<vium  sulphate  . . 
Ka,S«  aodium  sulphide 

Total 

Specific  gravity 


Old  Faith, 
fnl  Geyser. 


0.3961 
0.6383 
0.0840 
0.0478 
0.0051 
0.0270 
9.0213 
0.0027 
0.0270 
0.2088 
0.0021 
0.0038 
Trace. 
0.0017 
0.0002 
Trace. 


Great  Gey. 

ser,  Ice* 

land. 


0.5190 
0.2379 


White  Ter. 
race  Gey. 
aer,  New 
Zealand. 


0.6000 

1.6230 

*0.0950 


0.1342 


0.2567 


to.  2290 


Trace. 
0.025 


0.005 


.1      0.0180 

.1    o.ooei 

.1      0.0088 


0.0750 


1.3008 


1.2305 


2.6570 


L00006  !      1.000205  ! 


L00077 


*CaCl,. 


INa^. 


Source  of  heat — ^That  the  source  of  steam  is  tbe  still  hot  lavas  below, 
aud  is  in  some  way  connected  with  volcanic  action,  is  so  evident  from 
the  facts  that  no  other  conclusion  is  i>ossible.  A  very  common  belief 
concerning  the  source  of  the  heat  of  boiling  springs  and  geysers,  but 
one  which  no  longer  has  the  support  of  scientific  men,  is  that  the  heat 
results  from  chemical  action^  as  it  is  vaguely  termed.  Were  not  the 
evidence  so  directly  opposed  to  this  idea,  it  would  merit  consideration, 
but  so  far  as  the  heat  of  geyser  waters  is  concerned,  all  observation 
shows  it  to  be  untenable.  To  this  class  of  theories  belongs  the  popular 
idea  that  the  geyser  basins  are  underlaid  by  great  beds  of  (quick  f) 
lime,  which  supply  the  heat  and  steam  of  the  geysers. 

The  smothered  combustion  of  beds  of  lignite,  coal,  or  pyrites,  is  an- 
other form  of  the  same  theory  that  has  been  received  with  considerable 
favor,  and  still  commands  a  few  followers.  That  hot  springs  may  have 
such  an  origin  is  not  denied,  but  the  geological  conditions  and  environ- 
ment clearly  show  that  none  of  the  great  geyser  regions  of  the  world 
derive  their  heat  from  such  action. 

Where  the  source  of  supply  is  deep-seated,  spring  waters  always 
have  an  elevated  temperature,  generally  proportionate  to  the  depth, 
but  the  very  high  temperatures  of  the  geysers  and  the  local  source  of 
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the  waters  excludes  this  theory.  The  folding  and  faulting  of  rocks  is 
another  source  of  heat  made  manifest  by  hot  springs. 

It  has  been  shown  by  Dr.  Peale,  however,  that  boiling  waters  are  only 
found  in  the  regions  of  volcanic  rocks,  and  it  was  pointed  out  by  L'Ap- 
parent  that  geysers  only  occur  in  acid  volcanic  lavas.  In  Iceland  the 
volcanic  forces  are  still  active,  and  melted  lavas  may  exist  at  no  great 
de[>tli.  In  New  Zealand  the  recent  eruption  of  the  eroded  mountain 
Tarawera  showed  that  heated  rocks  exist,  and  in  that  case  rose  up 
near  enough  to  the  surface  to  cause  the  explosion  which  so  trans- 
formed the  country. 

In  the  Yellowstone  there  are  no  active  volcanoes,  and  none  of  even 
geologically  recent  activity.  The  lavas  that  fill  the  ancient  mountain- 
encircled  basin  of  the  park  are  scored  by  glaciers  and  deeply  cut  by 
running  water;  and  the  old  volcanoes  from  which  the  lavas  were,  in  part 
at  least,  outpoured  show  no  signs  of  having  been  active  since  Tertiary 
times.  Yet  in  this  region  the  expenditure  of  heat  by  the  hot  8[)rings, 
geysers,  and  steam  vents  would  undoubtedly  keep  a  moderate-sized 
volcano  in  a  very  active  state  were  it  concentrated.  There  is  no  doubt 
that  this  heat  is  connected  with  the  past  volcanic  energies  of  the  region 
and  derived  principally  from  the  still  hot  lavas,  three-quarters  of  the 
entire  area  of  the  park  (3,500  square  miles)  being  covered  by  rhyolitic 
rocks. 

The  significance  alluded  to  above,  of  the  association  of  geysers  and 
acid  lavas  (rhyolites),  is  possibly  to  be  found  in  the  fact  that  these  rocks 
are  more  easily  dissolved  by  the  hot  waters  forming  the  tubes  and  res- 
ervoirs for  geysers.  The  situation  of  hot  springs  and  geysers  along 
water  courses  has  already  been  mentioned.  It  is  a  well-known  fact 
that  the  i^resence  of  water  in  the  i)ores  of  a  rock  increases  its  capacity 
to -conduct  heat,  so  that  we  may  surmise  a  rise  in  the  local  isogeotherm 
in  such  situations. 

Oeyser  eruptions. — Geysers  have  often  been  compared  to  volcanoes, 
presenting  in  miniature,  with  water  instead  of  molten  rock,  all  the  phe- 
nomena of  a  volcanic  eruption.  The  diversity  of  form  and  varying  con- 
ditions of  activity  of  the  hot  springs  found  associated  with  geysers 
makes  it  impossible  to  determine  in  every  case  whether  a  spring  is 
or  is  not  a  geyser.  Geyser  vents  may  be  mere  rifts  in  the  naked  rocks 
or  bowls  of  clear  and  tranquil  water,  quiet  until  disturbed  by  the  first 
throes  of  an  eruption,  and  surrounded  by  white  sinter  deposits  in  nowise 
distinguishable  from  those  about  hot  springs.  In  other  cases  the  vents 
are  surrounded  by  a  cone  or  mound  of  pearly-beaded  <*  geyserite,'^  a 
certain  and  distinctive  feature  of  a  geyser. 

The  displays  of  the  great  "  Geyser  "  of  Iceland  have  already  been 
briefly  described;  they  may  be  taken  as  the  tyx)e  of  eruptions  from  gey- 
sers having  bowl-like  expansions  at  the  top  of  the  tube,  the  so-called 
*' basin"  of  the  geyser.  Where  the  vent  is  surrounded  by  a  cone  of 
sinter,  as  is  so  often  the  case  among  the  fountains  of  New  Zealand  and 
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the  Yellowstone,  the  first  part  of  the  geyser  eruption  is  somewhat  diflfer- 
ent.  Perhaps  the  most  familiar  geyser  of  this  type  is  Old  Faithfol,  the 
one  geyser  in  the  Yellowstone  that  is  sore  not  to  disappoint  the  visitor. 
Though  surpassed  by  many  of  its  neighbors  in  the  heightand  magnitude 
of  its  eruptions,  it  holds  a  front  rank  for  beauty  and  graceftdness.  Pre- 
viously heralded  by  loud  rumblings,  with  spasmodic  outbursts  of  10  to 
20  feet  in  height  that  mark  abortive  attempts  to  send  up  its  steaming 
pillar,  the  white  column  is  finally  thrown  upwards  with  a  loud  roar,  and 
mounts  at  once  to  a  height  that  seemshundredsof  feet  as  we  gaze  upon 
it.  For  two,  or  even  three  minutes,  the  column  maintains  a  height 
which  measurements  show  to  vary  from  90  feet  up  to  150  feet,  with  oc- 
casional steeple-shaped  jets  rising  still  higher,  the  jets  ever  varying  and 
giving  off  great  rolling  clouds  of  steam ;  then  the  jets  gradually  decrease 
in  altitude,  and  in  five  minutes  the  eruption  is  over,  the  tube  apparently 
empty,  and  emitting  occasional  puffs  of  steam  for  a  few  minutes  longer. 

During  the  eruption  the  water  falls  in  heavy  masses  about  the  vent, 
filling  the  basins  that  adorn  the  mound,  and  flowing  off  in  yellow  and 
orange- colored  waterways,  while  the  finer  spray  drifts  off  with  the 
breeze  and  falls  upon  the  neighboring  sinter  slopes.  It  is  impossible 
to  measure  the  amount  of  water  thrown  out,  since  it  runs  off  in  a  num- 
ber of  directions  in  shallow  rills  that  lead  either  to  the  sandy  terrace 
near  by  or  to  the  river.  K  however  we  assume  that  the  column  of 
steam  and  water  is  one-third  water,  a  fair  assumption,  the  estimated 
discharge  is  3,000  barrels  at  each  eruption. 

Comparing  Old  Faithful  with  its  Iceland  prototyi)e  we  find  consider- 
able difference  in  the  behavior  of  the  two  vents  during  the  interval 
between  eruptions.  The  former,  like  Strokr,  has  no  bowl  or  basin,  and 
the  geyser  throat  or  tube  is  partly  filled  with  water,  which  is  in  con- 
stant and  energetic  ebullition,  while  the  geyser  is  inactive.  The  tube 
and  bowl  of ''Geyser"  are,  on  the  contrary,  filled  with  comparatively 
cool  water.  In  each  case,  however,  the  eruption  is  preceded  by  an 
overflow  from  the  geyser  tube,  in  the  case  of  Strokr  and  Old  Faithful, 
as  jets  of  10  feet  to  25  feet  in  height;  in  "  Geyser"  by  a  filling  of  the 
bowl  and  successive  overflows,  accompanied  by  the  noise  of  condens- 
ing steam  bubbles,  a  simmering  of  the  water  in  the  tube.  Such  pre- 
liminary actions  are  significant  when  we  consider  the  theory  of  geyser 
action. 

Theories  of  geyser  action. — The  intermittent  spouting  of  geysers  was 
long  a  riddle  to  scientific  men,  for  although  several  theories  seemed 
each  to  offer  a  satisfactory  explanation  of  the  eruptions  of  *'  Gey- 
ser," they  supposed  conditions  unlikely  to  occur  in  many  vents.  The 
investigations  of  Bunsen,  and  of  Descloizeaux,  who  spent  two  weeks 
studying  the  Iceland  fountains,  resulted  in  the  announcement  of  a 
theory  of  geyser  action  which,  with  slight  modifications,  has  satisfied 
all  requirements  and  is  to-day  generally  accepted  as  the  true  explana^ 
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tion  of  the  action  of  these  natural  steam  engines.  This  theory,  which 
bears  the  name  of  the  illostrious  Bnnsen,  depends  upon  the  well- 
known  fact  that  the  boiling  point  of  water  rises  with  the  pressure, 
and  is  therefore  higher  at  the  bottom  of  a  tube  of  water  than  at  the 
surface.  The  temperature  of  water  heated  in  any  vessel  is  generally 
equalized  by  convective  currents,  but  in  a  long  and  narrow  or  an 
irregular  tube  this  circulation  is  impeded,  and  while  the  water  at  the 
surface  boils  at  100°  C.  (at  sea  level),  ebullition  in  the  lower  part  of 
the  tube  is  only  possible  at  a  much  higher  temperature,  owing  to  the 
weight  of  the  water  column  above  it.  In  the  section  of  Greyser  shown 
in  the  figure  the  observed  temperatures  are  given  on  the  left,  and  the 
temperatures  at  which  the  waters  would  boil,  taking  into  account  the 
I)ressure  of  the  water  column,  are  given  on  the  right.  In  Greyser  the 
nearest  approximate  to  the  boiliHg  point  is  at  a  depth  of  45  feet  oppo- 


<n 
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^  Strokr 
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CfCysir 

Sections  of  Greyser  aud  Strokr  sliowiug  lissures  supplying  geyser  tabes  (after  Campbell). 

site  a  ledge  and  fissure  discovered  subsequent  to  Bunsen'sexperiments. 
At  this  depth  the  temperature  is  2°  C.  below  the  temperature  at  which 
the  water  can  boil,  K  by  the  continued  heating  of  this  layer  by  steam 
from  the  fissure  it  attains  the  temperature  at  which  it  can  boil,  steam 
is  formed,  whose  expansive  force  lifts  the  superincumbent  column  of 
water,  causing  a  slight  overflow  at  the  top,  which,  shortening  the  col- 
umn, brings  the  layer  B  to  the  position  C,  where  its  temperature  is 
above  the  boiling  point  of  C,  wherefore  steam  is  formed  at  this  jwint  and 
a  further  lifting  and  relief  of  pressure  ensues,  followed  by  an  eruption. 

In  illustration  of  this  theory  a  model  geyser  is  easily  constructed  of 
a  glass  tube  of  an  inch  or  so  in  diameter  and  several  feet  long.    When 
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this  tube  is  closed  at  one  end,  filled  with  water  and  placed  upright  we 
have*  all  the  mechanism  necessary  to  produce  all  the  phenomena  of  a 
geyser.  By  heating  the  water  at  the  bottom  by  the  introduction  of 
steam  (or  with  a  spirit  lamp),  we  can  produce  eruptions  whose  period 
will  depend  upon  the  intensity  of  the  heat.  At  first  the  bubbles  of 
steam  collapse  in  the  cool  waters  at  the  bottom  of  the  tube,  but  as  the 
temperature  rises  the  bubbles  rise  part  way  up  the  tube  and  heat  the 
lower  part  of  the  column  to  a  high  temperature  while  the  water  near 
the  surface  is  still  cool.  Eventually  the  water  at  the  bottom  reaches 
the  pressure  boiling  point,  when  steam  is  formed,  lifting  the  water 
above  it  and  causing  an  overflow  at  the  top.  This  overflow  or  its 
equivalent,  the  filling  of  a  shallow  basin  at  the  top  of  the  tube,  relieves 
the  pressure  and  all  that  part  of  the  column  whose  temperature  was 
pre\iously  below  the  boiling  x)oint  but  now  exceeds  it,  flies  into  steam 
and  ejects  the  water  above  with  great  violence.  The  glass  walls  of  our 
geyser  tube  i>ermit  us  to  watch  the  gradual  heating  of  the  water  by 
means  of  thermometers  suspended  in  the  tube,  the  ascent  and  collapse 
of  steam  bubbles,  the  overflow  and  abortive  attempts  to  erupt  and  the 
final  ejection  of  the  water  from  the  tube. 

Where  the  tube  is  surrounded  at  the  top  by  a  basin  no  actual  over- 
flow need  occur.  Indeed  there  is  in  the  Yellowstone  a  miniature  gey- 
ser, aptly  named  the  Model,  with  a  fube  but  2  inches  in  diameter,  sur- 
rounded by  a  shallow,  saucer-like  basin,  which  has  eruptions  about 
every  fifteen  minutes  of  3  feet  to  5  feet  in  height  in  which  scarcely  a 
drop  of  water  is  wasted,  but  flows  back  into  the  tube  after  the  erup- 
tion. During  the  interval  between  eruptions  no  water  can  be  seen  in 
the  tube,  whose  basin  and  upper  part  are  dry  and  cool.  The  first  sig- 
nal of  the  coming  display  is  a  quiet  welling  up  of  the  water  in  the  tube 
filling  the  little  basin,  which  being  relatively  large  and  shallow  relieves 
the  water  column  of  a  considerable  height.  During  the  eruption  which 
follows,  the  spray  is  chilled  by  the  air,  falling  back  into  the  basin ;  at 
the  end  of  the  display  the  water  is  quickly  sucked  back  into  the  tube 
and  re-heated  for  the  ensuing  eruption. 

At  first  thought  the  constant  boiling  of  the  waters  in  the  tube  of 
Strokr,  Old  Faithful  and  many  other  geysers  seems  to  oppose  the 
theory  which  we  have  just  given.  Observations  show  however  that 
in  many  cases  the  boiling  is  confined  to  the  surface  and  deep  tempera- 
tures do  not  reach  the  boiling  point  corresponding  to  the  depth.  It  is 
quite  likely  also  that  in  some  cases  a  lesser  and  independent  supply  of 
heat  may  connect  with  the  upper  part  of  a  geyser  tube;  Strokr,  we 
know,  has  two  vents  (see  figure),  one  of  which  is  the  geyser  tube,  the 
funnel-like  throat  of  Strokr  being  really  but  a  nozzle  to  the  geyser. 

It  is  unnecessary  to  describe  the  numerous  other  theories  of  geyser 
action;  they  all  suppose  caverns  or  systems  of  chambers  and  tubes,  of 
definite  arrangement,  a  supposition  most  unlikely  to  occur  in  many 
cas(3s,  and  made  unnecessary  by  Bunsen's  theory.  Local  expansicms 
and  irregularities  of  the  tube  do  exist,  and  to  them  we  owe  many  of 
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the  individual  peculiarities  of  geysers,  but  such  chambers  do  not  form 
a  vital,  essential  part  of  the  geyser  mechanism. 

In  an  excellent  rdsumeoS  the  various  theories  of  geyser  action,  Dr. 
A.  C.  Peale  states  that  he  believes  no  one  theory  is  adequate  to  explain 
all  the  phenomena  of  geyser  action,  though  Bunsen's  theory  comes 
nearest  to  it.  • 

I  believe  however  that  Bunsen's  theory  is  a  perfect  explanation  if 
we  but  admit  that  the  geyser  tube  may  be  neither  straight  nor  regular, 
but  of  any  shape  or  size,  and  probably  diflTering  very  much  for  each 
vent.  The  shape  of  the  bowl  or  basin  exercises  but  little  influence  upon 
the  eruption  save  to  produce  the  many  individual  peculiarities  of  the 
geyser  column. 

Origin  of  Oeysers. — It  should  be  noted  that  Bunsen's  theory  of  geyser 
action  is  quite  independent  of  his  theory  of  geyser  formation.  The 
building  up  of  a  siliceous  tube  by  the  evaporation  of  the  waters  at  the 
margin  of  a  hot  spring,  is  a  process  which  may  be  seen  in  operation  in 
any  of  the  geyser  regions  of  the  world;  but  it  is  not  a  necessary  pre- 
lude to  the  formation  of  a  geyser,  for  a  simple  fissure  in  the  rock 
answers  equally  well,  as  is  shown  at  the  Norris  geyser  basin  in  the 
Yellowstone  Park. 

The  life  history  of  a  geyser  varies,  of  course,  for  each  one,  but  obser- 
vations show  that  the  following  sequence  of  events  often  takes  place. 
The  hot  vapors  rising  from  unknown  depths  penetrate  the  rocks  along 
planes  of  fracture  and  shrinkage  cracks,  decomposing  and  softening 
the  rock  until  the  pressure  of  the  steam  and  water  is  sufficient  to  force 
an  opening  to  the  surface.'  If  this  opening  affords  an  easier  exit  for 
waters  issuing  at  a  higher  level  the  fissure  is  probably  opened  with  a 
violent  ejection  of  mud  and  debris;  more  often  the  process  is  a  gradual 
one,  accompanying  the  slow  eating  away  of  the  rock  walls  along  the 
fissure.  The  flowing  waters  slowly  clear  out  the  fissure,  forming  a  tube 
that  permits  the  freer  escape  of  hot  water  and  steam,  while  at  the  same 
time  the  waters  change  from  a  thick  mud  to  a  more  or  less  clear  fluid. 
The  spring,  at  first  a  simple  boiling  nmd-hole,  is  now  an  intermittently 
boiling  spring,  which  soon  develops  true  geyser  action.  If  the  open- 
ing of  the  fissure  afforded  a  new  outlet  for  the  waters  of  some  already 
existing  geyser,  these  changes  take  place  rapidly,  and  eruptions  begin 
as  soon  as  the  pipe  is  sufficiently  cleared  to  hold  enough  water.  The 
bare  rock  about  the  vent  or  fissure  is  soon  whitened  by  silica  deposited 
by  the  hot  waters.  This  sinter  may  form  a  mound  about  the  expanded 
tube  or  basin,  or,  if  the  vent  be  small  and  spray  is  frequently  ejected, 
it  builds  up  the  curious  geyser  cones  so  prominent  in  the  Yellowstone. 
In  certain  cases  the  building  up  of  these  deposits  may  partially  choke 
the  geyser's  throat,  and  clause  a  diminution  of  the  geyser's  energy, 
whose  forces  seek  an  easier  outlet.  In  other  ca«es  the  eating  out  of 
new  subterranean  waterways  deprives  the  geyser  of  its  supply  of  heat, 

•  Twelfth  Ann.  Hept,  U.  S,  Geol  and  Oeog,  Survei/  Territories,  vol.  ii.,  p.  4213, 
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aiid  tlie  vent  becx)mes  either  a  tranquil  laug  or  wholly  extinct,  while 
the  pearly  gcyseritc  forming  its  cone  disintegrates  and  crumbles  into 
ftne  shaly  debris,  resembling  comminuted  oyster  shells.  Thus  there  is 
a  slow  but  continual  change  in  i^rogress  at  the  geyser  basins,  in  which 
old  springs  become  extinct  and  new  ones  come  into  being  and  activity. 
With  few  exceptions,  where  the  vents  are  very  new,  geysers  spout 
from  basins  or  from  cones  of  white  siliceous  sinter,  or  geyserite,  depos- 
ited about  the  vent  by>the  hot  waters.  Such  deposits  are  formed  very 
slowly,  one-twentieth  of  an  inch  a  year  being  an  average  rate  of  growth 
for  the  deposit  formed  by  evaporation  alone.  These  deposits  of  sinter 
are  therefore  an  index  to  the  age  of  the  geyser.  In  many  cases  these 
sinter  cones  are  very  odd,  fantastic  structures  of  great  beauty  while  wet 
by  the  the  geyser  spray,  but  becoming  white,  opaque,  and  chalk-like 
upon  drying.  WTiere  the  spattered  drops  fall  in  a  line  spray  the 
deposit  is  pearly,  and  the  surface  very  finely  spicular.  If  the  spray  be 
coarse  the  rods  are  stouter  and  capped  by  pearly  heads  of  lustrous 
brilliancy.  Thus  the  cone  is  not  only  a  measure  of  a  geyser's  age  and 
activity,  but  it  tells,  in  a  way,  the  nature  of  the  eruption. 

Artificial  production  of  geyser  ernptions. — Eruptions  of  Strokr  have, 
for  many  years,  been  provokeil  by  artificial  means.  The  funnel-shajieil 
geyser  throat  makes  it  an  easy  matter  to  plug  it  with  a  barrowlul  of 
turfcutinthe  adjacent  marsh.  This  acts  as  a  cover,  confining  the 
steam,  which  finally  overcomes  the  resistance  and  produces  an  erup- 
tion. Travellers  have  also  attempted  to  hasten  the  eruptions  of  geysers 
by  throwing  blocks  of  sinter  down  the  tube,  but  it  is  evident  that  such 
measures  can  only  succeed  when  the  forces  of  heat  and  pressure  are  in 
a  very  delicate  equilibrium. 

In  the  Yellowstone  geyser  basins  it  has  been  found  that  geyser  erup- 
tions may  be  hastened  or  even  caused  in  simply  boiling  springs  by  the 
use  of  soap  or  of  lye.  The  discovery  of  this  extraordinary  fact  was 
made  in  a  very  curious  way.  A  Chinaman  was  engaged  by  the  hotel 
company  to  wiu^h  the  soiled  linen;  thinking  to  utilize  the  abundance  of 
hot  water  provided  by  nature,  a  rude  canvas  building  was  put  up  over  a 
small,  circular,  boiling  spring  near  the  edge  of  the  Firehole  River.  In 
this  spring  the  partly  cleansed  and  soaped  clothes  were  put  to  boil, 
8U8i>ended  in  a  wicker-basket.  All  went  well  until  the  Chinaman  left  his 
bar  of  soaj)  with  the  clothes,  when  the  spring  suddenly  thriew  out  bas- 
ket, clothes,  and  hot  water,  wrecking  the  shanty  and  starting  the 
Chinaman  on  a  run  from  a  place  that  was  too  near  the  infernal  regions 
for  comfort.  This  eruption,  and  the  observed  effect  of  soap  in  increas- 
ing the  ebullition  of  boiling  springs,  led  to  the  use  of  soap  to  produce 
eruptions  of  this  boiling  but  not  spouting  sj)ring,  thenceforth  known 
as  the  Chinaman. 

The  suc(jess  attending  the  use  of  soap  in  this  instance  suggested  to 
a  photographer,  F.  Jay  Haynes,  the  use  of  soap,  or  its  equivalent,  lye, 
to  hasten  eruptions  of  those  geysers  of  which  he  desired  to  obtain 
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photographs,  and  led  to  experiments  by  the  Geological  Survey*  show- 
ing that  eruptions  can  be  produced  in  many  cases  of  geysers,  which  have 
been  most  capricious  in  their  exhibitions,  or  have  been  inactive  for 
weeks  or  even  months.  The  conditions  essential  to  the  successful  use 
of  soap  or  lye  for  this  purpose  seem  to  be  that  the  geyser  tube  be  small, 
and  the  water  near  its  boiling  point,  if  not  actually  boiling  at  the  sur- 
face. Many  of  the  bowls  in  the  Yellowstone  possess  a  temperature  at 
their  surface  exceeding  the  theoretical  boiling  point  for  the  altitude 
by  1  or  2  degrees.  This  apparently  anomalous  fact  is  not  due  to  the 
mineral  matter  held  in  solution  by  the  hot  waters,  for  the  analyses 
show  that  amount  to  be  too  small  to  have  any  appreciable  eflfect,  but 
it  is  explained  by  the  waters  being  fiee  from  air,  it  being  well  known 
to  physicists  that  water  freed  from  air  has  an  increased  boiling  i)oint, 
because  of  the  greater  cohesion  of  the  particles.  The  eflfect  of  the 
soap  is  to  increase  the  viscosity  of  the  water,  the  consequent  explosive 
liberation  of  steam  producing  an  eruption. 

Variations  in  geyser  periods. — Many  geysers  are  easily  mistaken  for 
simple  hot  or  boiling  springs,  since  during  the  long  intervals  between 
eruptions  they  present  no  indications  of  their  tnie  nature. 

The  interval  between  eruptions  is  manifestly  dei>endent  upon  the  two 
factors  of  heat  and  water  supply.  It  rarely  happens  that  these  fac- 
tors are  so  constant  that  the  geyser  has  a  definite  period.  Even  in  the 
case  of  Old  Faithful,  t]ie  most  reliable  of  all  geysers,  there  are  very 
considerable  variations  in  the  period,  though  the  average  is  always  con- 
stant from  day  to  day. 

It  sometimes  hapi)ens  that  a  slight  change  in  the  conditions — a  les- 
sened amount  of  heat  or  increased  amount  of  water — will  cause  ai  ces- 
sation of  a  geyser's  eruptions  for  a  long  period.  This  has  happened  in 
New  Zealand,  where  the  Waikite  geyser,  near  Lake  Rotorua,  inactive 
for  many  years,  suddenly  exploded,  scattering  blocks  of  sinter  and 
scalding  several  Maoris  who  happened  to  be  near  by.  The  Excelsior, 
undoubtedly  the  largest  geyser  of  the  world,  was  not  seen  in  action 
until  1878,  continuing  its  periodic  eruptions  till  1882,  when  it  ceased 
and  did  not  play  again  until  1888.  Last  summer  it  was  again  inactive, 
though  the  water  boiled  furiously,  bulging  ui>  several  feet  in  the  center 
of  the  great  caldron. 

Observations  made  in  New  Zealand  have  led  to  the  belief  that  the 
eruptions  of  certain  geysers  were  influeiiced  by  the  barometric  pres- 
sure, and  iti3  said  that  certain  geysers  are  only  active  during  the  prev- 
alence of  a  northwest  wind.  Observations  in  the  Yellowstone  show  no 
such  correspondence.  As  a  rule  the  water  surface  exi>osed  is  small  and 
the  effect  of  temperature  umd  pressure  would  be  scarcely  appre^iiable, 
yet  theoretically  it  is  quite  probable  that  when  the  forces  in  a  geyser 
are  in  a  delicate  equilibrium  a  change  of  temi>erature  and  pressure  of 
the  air  would  be  quite  sufticient  to  cause  an  eruption. 

*  ** Soaping  Geysers,"  Arnold  Hague.    [TratiB.  Am.  Inst.  Min.  Eng,y  Feb.,  1880.] 
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ON  THE  GENERAL  CIRCULATION  OF  THE  ATMOSPHERE .• 


By  Werner  von  Siemens. 

TraoBlated  from  the  German,  by  George  E.  Curtis. 


In  an  article  in  the  May  number  of  the  Meteorologische  Zeitschrift 
entitled  **  On  the  theoriea  of  the  general  circulation  of  the  atmosphere, 
etc.,''  Mr.  A.  Sprung  has  published  a  criticism  of  my  computation  of  the 
direction  and  force  of  the  general  atmospheric  current  contained  in  my 
memoir,  entitled  "On  the  conservation  of  energy  in  the  earth's  atmos- 
j)here,'' presented  to  the  academy  March  4, 1886.  These  criticisms  induce 
me  to  make  a  brief  reply,  not,  indeed,  for  the  purpose  of  rebutting  the 
objections  of  Dr.  Sprung  to  the  rigid  validity  of  the  results  of  my  com- 
putation—objections  with  which  in  part  I  wholly  agree — ^but  to  answer 
the  assumption  that  I  have  made  the  attempt,  in  the  same  way  as 
Ferrcl,  "  to  build  up  on  theoretical  computations  a  theory  of  the  gen- 
eral circulation  of  the  atmosphere."  Setting  aside  the  fact  that  I  do  not 
consider  myself  to  be  sufficiently  versed  in  mathematical  analysis  for 
such  an  attempt,  I  hold  that  this  method  is  utterly  inappropriate.  A 
problem  so  extraordinarily  complicated  as  that  of  the  general  circula- 
tion of  the  air  can  not  possibly  be  constructed  backwards  upon  tlio 
basis  of  mathematical  computations.  There  has  been  lacking  up  to  the 
present  time  the  sim])le  fundamental  law  governing  all  the  phenomena 
in  action.  In  my  considerations  "  Upon  the  conservation  of  energy  in 
the  e-arth's  atmosphere,"  I  have  endeavored  first  to  state  tlie  forces 
which  produce,  maintain,  and  retard  atmospheric  motions,  and  next  I 
have  sought  to  determine  by  computation  the  general  motion  of  the  air, 
both  in  direction  and  magnitude,  produced  by  their  interaction.  With 
respect  to  this  method,  it  is  not  correct  to  say  that  I,  "  in  the  Siime 
way  as  Ferrel  before  me,  would  show  by  computiition  an  original  con- 
dition of  motion  in  the  atmosphere,"  in  order  to  make  it  a  basis  for  my 
further  speculations.  It  is  equally  incorre<^t  to  say  that  in  my  compu- 
tations I  have  wholly  neglected  the  retardation  of  the  motion  of  the  air 
by  friction. 

The  meridional  air  current,  very  aptly  called  by  Sprung  the  funda- 
mental circulation   {Orundcirculation)y  upon  which  my  theory  of  the 


*  From  the  S%tzung»beri€hte  der  K&nigl,  Pr^$,  Aciid.  der  Wi8$,  zu  BerUn. 

179 


Digitized  by  CjOOQ IC 


180       ON  THE  GENERAL  CIRCULATION  OF  THE  ATMOSPHERE. 

general  system  of  winds  is  based,  depends,  in  plain  terms,  on  the  equi- 
librium between  the  acceleration  of  the  air  in  the  equatorial  updrafb 
(caused  by  the  overheating  of  the  lowest  air  layers  of  the  torrid  zone 
by  solar  radiation)  and  the  loss  of  energy  which  the  transported  air  ex- 
periences in  its  course.  The  mixture  of  the  air  masses,  which,  without 
a  "fundamental  circulation,"  must  rotate  with  the  velocity  of  the  earth's 
surface  upon  which  they  rest,  is  accomplished  by  it  in  the  course  of  a 
thousand  years.  I  have  used  the  mathematical  idea  of  the  sudden  fine- 
tionless  mingling  of  air  layers  at  all  latitudes  only  in  order  to  determine 
in  a  simple  way  the  condition  of  motion  both  with  respect  to  direction 
and  magnitude  already  prevailing  since  a  primitive  period.  Ferrel  does 
not  proceed,  as  I  do,  from  a  fundamental  circulation  which  inter-changes 
the  air  layers  rotating  with  their  respective  latitude  velocities  while 
moving  forward  and  thereby  gradually  mixes  them,  but  allows  this 
mingling  to  be  effected  in  a  meridional  direction  by  a  frictionless  dis- 
placement of  the  rotating  rings  of  air  at  different  latitudes,  the  reasons 
for  which  are  not  specifically  given.  This  conception  of  the  mode  of 
mixture  furnishes  essentially  the  same  basis  for  computation  as  mine, 
and  Ferrel  reaches  the  same  results  of  computation  so  far  as  the  direc- 
tion of  the  wind  currents  is  concerned.  But,  on  the  other  hand,  there 
exists  an  essential  difference  in  our  results  for  the  relative  meridional 
wind  force  at  the  latitude  of  35^. 

The  assumption  of  Dr.  Sprung  that  neither  of  the  two  theories  can 
be  regarded  'as  (completely  correct  I  wholly  agree  with.  In  fact  I  have 
never  considered  my  theory  in  any  other  light  than  as  a  first  approxi- 
mation to  the  truth.  With  this  idea  I  have  left  out  of  consideration  in 
my  computation  complicated  influences,  such  as  that  of  the  decrease  of 
temperature  toward  the  poles  and  that  of  the  non -coincidence  of  the 
direction  of  the  centrifugal  force  with  the  force  of  gravity.  The  latter 
fact,  whose  action  is  also  left  out  of  consideration,  that  rotating  air 
masses  in  higher  latitudes  must  every  where  have  the  tendency  to  move 
forward  in  great  circles,  and  thus  tend  to  move  toward  the  equator, 
would  cause  a  decrease  of  air  pressure  as  we  approach  the  poles,  and 
would  consequently  essentially  impair  the  result  of  my  computation  of 
the  mixing,  if  this  tendency  were  not  compensated  by  other  forces  which 
have  an  opposite  effect.  It  is  not  these,  however,  but  other  assumptions 
of  a  fundamental  character  which  mark  a  very  essential  difference  be- 
tween the  two  conceptions  and  lead  to  results  quite  at  variance  with 
one  another.  In  the  first  place,  I  refer  to  FerrePs  assumption  that  the 
so-called  principle  of  areas,  in  the  form  of  the  conservation  of  the  moment 
of  rotation,  applies  to  the  displacement  northward  or  southward  of  the 
air  rotating  with  the  earth's  surface.  I  can  not  agree  with  this,  and 
must  enter  my  decided  protest  against  the  idea  that  the  conservation 
of  the  moment  of  rotation  is  applicable  to  the  movement  of  the  air. 

The  law  of  areas,  borrowed  from  astronomy,  means  that  a  mass 
which  moves  freely  around  another  describes  equal  areas  in  equal 
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times.  This  happens  in  consequence  of  the  acceleration  of  the  rotat- 
ing mass  while  approaching  the  center  of  attraction  of  the  fixed  mass, 
and  the  corresponding  retardation  which  it  experiences  in  departing 
from  it.  The  greater  velocity  derived  from  the  acceleration  results  in 
the  description  of  a  greater  arc  in  a  unit  of  time,  and  leads  therefore 
to  the  laws  of  areas.  Now,  according  to  Ferrel,  a  mass  of  air  rotating 
with  the  earth's  surface  in  any  latitude,  when  displaced  northward  or 
soutliward,  can  not,  as  I  understand  it,  continue  its  course  with  its 
absolute  velocity  unchanged,  as  would  be  the  case  in  the  conservation 
of  its  vis  vivaj  but  its  moment  of  rotation  must  remain  constant,  which 
corresponds  to  an  important  change  of  velocity.  In  order  that  the 
moment  of  rotation  shall  remain  constant — which  will  be  the  case  if 
the  linear  velocity  of  the  rotating  body  changes  in  such  a  way  that 
equal  surfaces  are  described  by  it  in  equal  times — there  must  be  ex- 
pended a  considerable  amount  of  energy  in  order  to  effect  th/change 
of  velocity  of  the  inert  mass.  But  the  force  that  could  do  this  work 
is  quite  lacking.  If  we  shorten  the  radius  of  rotation  of  a  rotating 
solid  mass,  then  the  force  which  causes  the  shortening  must  overcome 
the  centrifugal  force.  The  sum  of  the  products  of  all  the  centrifugal 
forces  overcome  by  the  paths  traversed  gives  the  work  performed  in 
accelerating  the  rotating  mass,  and  this  is  sufficient  to  maintain  the 
law  of  surfaces;  that  is,  here  the  moment  of  rotation  is  constant.  But 
in  the  motion  of  tlie  air  upon  the  earth's  surface,  no  analogous  relations 
subsist.  In  a  tangential  displacement  on  the  earth's  surface,  no  change 
ot  gravity  takes  place  and  no  acceleration  of  the  displaced  mass  by 
gravity.  It  is  just  as  difficult  to  understand  by  what  means  a  pres- 
sure upon  them  of  neighboring  air  layers  should  arise  for  displacing, 
which  would  be  able  to  do  the  enormous  work  of  acceleration  that  the 
conservation  of  the  moment  of  rotation  requires ! 

A  displacement  of  the  whole  air  mass  of  a  rotating  ring  in  a  north 
or  south  direction  is  not  practicable,  since  the  volume  of  such  a  ring  of 
given  thickness  changes  with  the  cosine  of  the  latitude.  Thus  in  a 
poleward  displacement,  a  corresponding  part  of  the  mass  of  the  ring 
must  remain  behind — relatively,  must  return  to  the  equator.  But  also 
for  the  portion  of  the  ring  of  air  actually  displaced  toward  the  pole,  no 
physical  reason  can  be  found  why  the  conservation  of  its  moment  of 
rotation  must  be  assumed.  On  the  contrary,  this  assumption  would 
lead  to  the  greatest  contradictions  and  discontinuities;  for,  in  the 
assumed  original  condition  in  which  no  meridional  currents  yet  existed, 
from  ^hich  Ferrel  as  well  as  I  have  proceeded,  the  air  rotated  at  each 
latitude  with  the  velocity  of  the  ground  upon  which  it  was  at  rest. 
The  velocity  of  the  masses  of  air  therefore  decreased  with  the  cosine  of 
the  latitude  Now,  with  the  appearance  of  a  meridional  current,  this 
relation,  according  to  Ferrel,  would  not  only  have  to  be  inverted,  but 
instead  of  a  decrease,  an  increase  in  the  velocity  of  the  air  must  take 
place  at  a  still  h^'gher  rate,  if  the  moment  of  rotation  of  the  air  is  to 
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remain  constant.  Bat  why  this  most  remain  constant  and  what  force 
conld  effect  the  enormoos  increment  of  the  rU  vira  stored  up  in  the 
rotary  air  mass,  remain  equally  iocomprehensible.* 

I  pass  now  to  another  assnmption  of  FerreFs,  with  which  I  cannot 
bring  mytself  to  agree.  It  is  this,  i.  e^  that  on  an  inclined  surface  of  equal 
air  pressure  there  can  be  a  descent  of  the  overlying  air  layers.  It 
is  just  as  impossible  that  there  should  be  an  impulse  to  tangential 
displacement  on  sloping  isobaric  surfaces  as  in  the  case  of  level  sur- 
faces. That  such  a  displacement  could  not  possibly  exist  is  evident  at 
once  from  the  consideration  that  a  descending  stream  of  air,  in  case  it 
actually  begins  at  any  time,  must  immediately  develop  a  change  of 
pressure  destroying  the  equilibrium,  and  must  at  once  produce  a  return 
current.  It  results  from  this  that  a  continuously  progressive  heating 
of  the  atmosphere,  such  as  in  reality  (aside  from  disturbances)  takes 
place  from  the  polar  regions  down  to  the  equator,  furnishes  no  possi- 
bility for  a  meridional  circulation  such  as  Dove  also  has  assumed.  It 
is  possible,  in  such  an  unequally  heated  atmosphere,  to  draw  at  all 
heights  isobaric  surfaces  extending  frt>m  the  equator  to  the  i)oles,  on 
which  no  voluntary  air  motion  can  originate. 

In  spite  of  the  great  rarefaction  by  the  heat  of  the  torrid  zone,  the 
atmosphere  would  nevertheless  remain  at  rest  if  no  disturbance  of  the 
neutral  equilibrium  took  place  in  any  part  of  it  The  neutral  equilib> 
rium,  with  theadiabatie  temperature  gradient  belonging  to  it,  is  the  true 
condition  of  the  equilibrium  and  of  the  relative  rest  of  the  atmosphere. 
This  means  that  (apart  from  all  friction)  no  expenditure  of  work  is  re- 
quired to  bring  a  mass  of  air  from  one  height  to  another;  that  is  to 
say,  that  the  energy  coiisulned  in  the  expansion  of  the  air  under  pres- 
sure finds  its  e4|uivalent  in  the  loss  of  heat  by  cooling,  and  rice  rcrmr. 
The  general  prevalence  of  neutral  equilibrium  in  the  atmosi^here  is 
therefore  the  cause  of  its  state  of  relative  rest,  and  every  disturbance 
of  this  er|uilibrium  is  of  the  nature  of  an  accumulation  of  energy  and 
has  a  tendency  to  cause  currents  in  the  air  and  thus  to  restore  the 
condition  of  neutral  equilibrium.  The  origin  of  these  disturbances 
is  to  be  sought  exclusively  in  the  unequal  heating  of  the  air  strata 


*  I  mwd  therefore  decidedly  obje<*t  to  the  explaDatory  statement  of  Dr.  Sprung, 
''  that  my  aanamption  of  the  constant  Telocity  of  rotation  of  the  air  would  l>e  subject 
to  the  Jiatfii'  «rr<#r,  or  at  h'aet  one  very  near  to  it,  that  Titiated  the  whole  conception  of 
Hadley  and  I>ove  am  to  the  iijfloence  of  the  earth's  rotation  upon  the  motion  of  the 
air.^  Dr,  Sprung  quotes,  qnite  improjierly  as  a  warrant  for  this  opinion,  the  memoir 
by  Ton  Hemboltz  "  Upon  atmoupberic  motions.''  Von  Hemholtz  in  this  mathemati- 
cal inv««tigatioD  has  treated  the  by|M^tbetical  case,  viz:  ''If  we  consider  a  rotating 
Tiu$^  ofmtT,  vhoAe  axis  eoineidt^  with  the  earth's  axis,  and  which  is  displaced  either 
northward  or  nonthward  by  the  pressure  of  similar  neighboring  rings,  then,  accord- 
ing to  the  weU-known  general  nie>ehanical  principle,  the  moment  of  rotation  must 
remain  constant.*'  This  in  a ndoubterjly  correct,  sim^in  thisassnmed  case  the  pressure 
of  neighboring  rings  does  the  work  of  acceleration,  bat  the  present  question  is  this: 
Whether  forces  are  demonstrably  present  whieU  produce  this  displacing  pressure  f 


Digitized  by  VjOOQ IC 


ON  THE  GENERAL  CIRCULATION  OP  THE  ATMOSPHERE.       183 

by  solar  radiation,  and  in  their  unequal  cooling  by  the  radia- 
tion of  heat  into  space.  The  solar  radiation  especially  heats  the 
earth's  surface,  and  by  means  of  this,  the  lower  air  layers  contiguous 
thereto.  Tlie  excess  of  temperature  thereby  produced  above  the 
adiabatic  ground  temi)eratttre  (which  latter  corresponds  to  the  average 
heating  of  the  whole  overlying  air  column),  constitutes  an  accumulation 
of  free  energy,  like  that  of  a  stretched  spring,  which  can  be  brought 
into  equilibrium  again  only  by  such  a  diffusion  of  the  existing  excess 
of  temperature  of  the  lowest  strata  upward  through  the  entire  overly- 
ing air  column  as  shall  restore  the  disturbed  equilibrium. 

Practically  this  can  only  be  done  by  means  of  air  currents.  In  the 
case  of  a  locally  restricted  overheating  there  will  originate  at  any  favor- 
able place  a  bulging  upward  of  the  overheated  air,  which  then  in- 
creases rapidly  in  height,  since  the  upward  thrust  increases  at  a  rate 
proportional  to  the  height  of  the  natural  chimney  thus  formed.  But 
apart  from  its  height,  this  chimney  is  to  be  essentially  distinguished 
from  an  ordinary  one  by  the  fact  that  it  has  elastic  walls,  and  that  the 
pressure  and  density  of  the  air  strata  inside,  as  well  as  outside  of  it, 
diminish  with  height.  Thus  the  air  velocity  during  the  up-rush  in- 
creases in  an  inverse  ratio  to  the  density,  since  in  every  minute  of  time, 
an  equally  great  mass  of  air  must  pass  through  every  section  of  the 
chimney.  Since,  in  consideration  of  the  small  height  of  the  atmosphere 
as  compared  with  the  earth's  radius,  no  increase  of  volume  with  the 
height  need  be  taken  into  consideration,  therefore,  in  general,  the  ve- 
locity of  the  air  currents  in  ascending  and  descending  must  increase 
and  decrease  with  the  locally  prevailing  air  pressure. 

Hence,  also,  in  the  case  of  an  up-rush  of  air,  more  of  the  solar  energy 
accumulated  in  it  is  transformed  into  the  vis  viva  of  moving  masses  of 
air  than  would  be  the  case  without  such  an  acceleration. 

In  the  case  of  an  up-rush  of  a  limited  mass  of  air  overheated  at  the 
ground,  the  final  result  is  a  local  uprush  with  accelerated  velocity  up 
to  the  higher,  and  even  the  highest,  air  regions,  and  simultaneously  a 
descent  of  the  air  strata  surrounding  the  upward  currents,  with  a  veloc- 
ity diminishing  during  the  descent,  and  Anally  a  diffusion  of  the  accu- 
mulated heat  at  the  earth's  surface  to  all  the  overlying  air  strata,  with 
a  restoration  of  the  disturbed  neutral  equilibrium  of  this  part  of  the 
atmosphere. 

In  essentially  the  same  manner,  but  in  its  outward  manifestation  very 
differently,  this  restoration  of  the  neutral  equilibrium  disturbed  by 
solar  radiation  takes  place  when  the  overheating  of  the  air  strata 
adjacent  to  the  ground  extends  over  an  entire  zone  of  the  earth.  In 
this  case  the  up-rush  can  no  longer  be  locally  restricted,  but  must  sys- 
tematically surround  the  whole  torrid  zone.  Neither  can  it  be  limited 
as  to  time,  but  the  process  of  adjustment  must  continue  just  as  long  as 
the  causes  of  disturbance.  There  must  therefore  originate  a  circulatory 
system  embracing  the  whole  atmosphere,  which  finally  performs  the 
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task  of  conveying  the  excessive  beat  of  the  air  strata  adjacent  to  the 
ground  in  the  torrid  zone  continuously  to  the  entire  atmosphere  at  all 
altitudes  and  latitudes,  and  thereby  restoring,  by  a  progressive  circu- 
lation, the  neutral  equilibrium  disturbed  in  the  torrid  zone. 

If— with  a  consideration  of  the  circumstance  that  the  path  of  these  cur- 
rents can  not  intersect,  and  of  the  further  circumstance  that  the  veloc- 
ity of  the  uprising  currents  must  increase  with  the  height  in  a  ratio 
inversely  proportional  to  the  air  pressure  there  prevailing,  and  finally 
of  the  circumstance  that  the  air  must  retain  unchanged  the  velocity 
it  has  once  received,  until  it  is  destroyed  by  friction,  mixture,  or  the 
work  of  compression, — one  attempts  to  construct  the  possible  paths  of 
these  currents,  then  he  will  necessarily  arrive  at  the  wind  system  as- 
sumed by  me,  which  rests  essentially  upon  the  inertia  of  the  overheated 
air  set  in  accelerated  motion  by  the  equatorial  updrafb.  This  inertia 
not  only  drives  the  accelerated  air  in  the  higher  air  regions  toward  the 
poles,  b  ut  it  is  also  the  cause  of  its  return  in  the  lower  strata  to  the 
equator. 

It  would  lead  me  beyond  the  limited  scope  of  this  memoir  were  I  to 
enter  upon  a  more  extended  investigation  of  the  inertia  effects  of  this 
mass  of  air,  or  upon  the  partly  modifying  influence  of  aqueous  vapor. 
But  permit  me  to  add  a  few  words  upon  the  development  of  the 
great  local  accumulations  of  energy  which  find  expression  in  maxima 
and  minima  of  air  pressure.  The  total  air  pressure  over  all  parts  of 
the  earth  must  be  constant,  since  this  integral  represents  the  unchang- 
ing weight  of  the  total  mass  of  air.  A  local  diminution  of  pressure 
must  therefore  be  accompanied  by  an  increase  of  pressure  at  other 
places.  It  is  manifestly  fruitless  to  seek  the  cause  of  areas  of  high 
and  low  pressure  in  the  local  condition  of  the  atmosphere.  These  areas 
are  frequently  announced  by  the  barometer  long  before  any  change  in 
the  condition  of  the  atmosphere  at  the  earth's  surface  has  occurred. 
Only  light  streaks  of  cloud  are  frequently  wont  to  betoken  a  change 
originating  in  the  higher  regions  of  the  atmosphere. 

In  my  memoir,  ^'Upon  the  conservation  of  energy  in  the  earth's 
atmosphere,"  I  have  already  removed  the  place  of  origination  of  areas 
of  high  and  low  pressure  to  the  higher  regions  of  the  atmosphere. 
In  these  areas  continuous  changes  of  temperature  and  velocity  take 
place  which  are  derived  from  the  place  of  up-rush  of  the  air, — that  is, 
from  their  previous  temperature  and  humidity.  If  no  change  of  sea- 
sons took  place,  probably  a  greater  regularity  would  prevail  in  the 
upper  currents  of  the  air,  which  then  would  also  give  weather  rela- 
tions a  definite  sequence;  such  a  sequence,  up  to  the  present  time, 
has  not  been  detected.  We  can  not  judge  from  what  region  the  air 
comes  which  at  any  point  of  the  earth's  surface  momentarily  flows 
poleward  at  higher  elevations.  The  temperature  and  velocity  which 
this  air  has  depends  on  the  place  of  up-rush  and  on  the  season  of  the 
year.    Now  since  the  consumption  of  heat  in  the  up-rising  of  the  air, 
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and  consequently  in  its  compression  under  pressure,  depends  entirely 
on  the  degree  of  rarefaction  produced,  and  upon  the  height  of  the 
ascent,  then  nearly  the  same  diminution  of  temperature  will  take  place 
in  warm  as  in  cold  air. 

The  excess  of  heat  which  the  air  possessed  before  the  uprush  must 
continue  to  peilain  to  the  rarefied  and  cooled  air,  and  hence,  at  all  alti- 
tudes, temperature  differences  must  exist  of  a  magnitude  similar  to 
those  at  the  surface  of  the  earth. 

From  this  basis,  the  condition  of  the  atmosphere  in  general  will  not 
be  that  of  unstable,  but  of  stableequilibrium,  since  the  higher  airstrata, 
on  account  of  their  equatorial  tendency,  will  be  on  the  average  warmer 
and  lighter  than  the  adiabatic  temperature  gradient  of  the  place  over 
which  they  are  found,  requires.  The  higher  the  excess  of  tempera- 
ture of  the  air  before  its  ascent  and  the  more  vapor  it  contains,  the 
greater  must  be  the  velocity  which  it  acquires  in  rising.  In  the  higher 
strata  of  air  of  middle  and  high  latitudes,  relatively  warm  and  there- 
fore light  currents  of  air  of  great  velocity  must  alternate  with  the  colder  * 
and  slower  flowing  ones. 

Such  a  current  of  air,  relatively  light  and  warm,  which  takes  entire 
or  partial  possession  of  the  higher  levels,  destroys  the  neutral  equilib- 
rium of  the  lower  strata.  At  the  surface  of  contact  of  the  strata,  the 
lower  air  which  is  relatively  at  rest  must  be  under  too  great  a  pres- 
sure. It  must  therefore  expand  and  be  carried  along  by  the  lighter  air 
which  flows  rapidly  above  it. 

As  von  Helmholtz  has  shown,  this  process  must  go  on  with  great 
energy  under  a  wave  form.  The  result  must  be  an  expansion  and 
up-flow  of  the  lower  air,  which  will  continue  until  neutral  equilibrium, 
disturbed  by  the  diminished  pressure  of  the  upper  strata,  is  again 
restored. 

The  inverse  case  will  occur  where  the  air  pressure  of  the  upi)er  strata 
is  increased  beyond  the  amount  belonging  to  the  elevation,  by  reason 
of  cooling  and  of  backing  up,  resulting  from  the  narrowing  of  the 
current  with  increasing  latitude.  In  this  case  there  will  be  a  settling 
down  of  the  bounding  strata,  producing  a  condensation  of  the  lower 
strata  with  a  corresponding  increase  of  pressure.  Finally,  in  both 
cases,  the  disturbed  neutral  equilibrium  must  be  restored  through  the 
action  of  upward  or  downward  currents,  by  means  of  which  the  air 
strata  lying  beneath  the  sources  of  disturbance  part  with  or  take  up 
air  until  neutral  equilibrium  is  restored  throughout  the  entire  height 
of  the  atmosphere. 

In  order  to  effect  this,  the  air  pressure  of  the  lower  strata  must  in- 
crease or  diminish  until  it  becomes  adjusted  to  the  pressure  gradient 
of  neutral  equilibrium  of  the  disturbing  upper  strata.  That  is  to  say, 
the  pressure^  at  the  earth's  surface  must  change  proportionately  with  the 
valuation  of  pressure  at  the  elevation  itself,  whereby  the  surprising 
magnitude  of  the  changes  of  pressure  at  the  earth's  surface  find  their 
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complete  explanation.  This  change  of  condition  of  the  lower  strata 
by  this  mode  of  adjustment  will  continue  just  as  long  as  the  causes 
of  disturbance  in  the  upper  strata  continue.  Till  then,  areas  of  low 
pressure  with  rising  currents  or  areas  of  high  pressure  with  a  down- 
ward motion  must  prevail  and  set  the  atmosphere  over  an  ex- 
tended region  into  cyclonic  motion.  Not  till  the  air  current  in  the 
higher  strata  of  the  atmosphere  has  again  reached  its  normal  relations, 
will  a  mean  barometric  pressure  and  relative  rest  again  prevail  at  the 
earth's  surface. 

The  theory  of  the  general  circulation  of  the  atmosphere  may  now  be 
summed  up  in  the  following  principles: 

(1)  All  motions  of  the  air  originate  in  disturbances  of  the  neutral 
equilibrium  of  the  atmosphere  and  serve  the  purpose  of  restoring  it. 

(2)  These  disturbances  are  brought  about  through  overheating  of  the 
strata  of  air  lying  next  to  the  earth's  sur&ce  by  solar  radiation,  by 
unsymmetrical  cooling  of  the  higher  strata  by  radiation,  and  by  back- 
ing up  of  the  moving  masses  of  air  in  case  of  the  occurrence  of  resist- 
ances to  the  current. 

(3)  The  disturbances  are  compensated  by  rising  air  currents  having 
an  acceleration  of  such  magnitude  that  the  increase  of  velocity  is  pro- 
portional to  the  decrease  of  air  pressure. 

(4)  Corresponding  to  the  upward  currents  are  equally  great  down- 
ward currents  in  which  a  diminution  of  velocity  occurs  comparable 
with  the  acceleration  in  the  case  of  the  rising  current. 

(5)  If  the  region  of  the  overheating  of  the  lower  air  is  a  restricted 
one,  a  local  up-draft  sets  in  which  extends  up  to  the  highest  part  of  the 
atmosphere,  and  presents  the  phenomena  of  whirl  pillars,  whose  interior 
consists  of  spirally  ascending  currents  and  whose  exterior  is  made  up 
of  similar  spiral  air  currents  directed  downward.  The  result  of  these 
vortex  curi'ents  is  to  diffuse  the  surplus  heat  of  the  lower  air  by  which 
the  adiabatic  equilibrium  was  destroyed  throughout  all  the  overlying 
air  columns  which  take  part  in  the  vortex  motion. 

(6)  In  case  the  region  of  disturbance  of  neutral  (or  adiabatic)  equi- 
librium is  very  extended,  so  as  for  example  to  embrace  the  whole  torrid 
zone,  then  the  equalization  of  temperature  no  longer  takes  place  by 
means  of  locally  uprising  vortex  currents;  now  these  currents  must 
form  and  encompass  the  whole  atmosphere. 

The  conditions  of  accelerated  uprise  and  of  retarded  down-flow  laid 
down  for  the  local  whirl  still  hold  good,  so  that  the  velocity  of  the 
air  motion  at  different  heights,  developed  by  the  energy  of  heat,  is 
increased  approximately  in  prox)Oi'tion  to  the  air  pressure  there  pre- 
vailing. 

(7)  Since  the  whole  atmosphere  (in  consequence  of  the  continuous 
meridional  circulation  set  up  and  maintained  by  the  energy  of  heat) 
must  rotate  at  all  latitudes  with  approximately  the  same  absolute 
velocity,  the  meridional  currents  produced  by  overheating  unite  with 
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the  terrestrial  current  in  the  great  system  of  atmospheric  circulation 
embracing  the  whole  earth.  This  circulation  serves  the  purpose  of  dif- 
iusing  upwards  through  the  whole  atmosphere  the  excessive  heat  of 
the  torrid  zone^  of  carrying  this  equatorial  heat  and  humidity  to  mid- 
dle and  high  latitudes,  and  of  bringing  about  the  development  of 
local  air  currents  at  those  parallels. 

(8)  The  latter  phenomena  take  place  as  a  result  of  the  production  of 
alternating  local  increments  and  decrements  of  air  pressure  arising 
from  the  disturbance  of  neutral  equilibrium  in  the  higher  strata  of  the 
atmosphere. 

(9)  Areas  of  high  and  low  pressure  are  consequences  of  the  temper- 
ature and  velocity  of  the  air  currents  in  the  higher  strata  of  the 
atmosphere. 

I  consider  the  investigation  of  the  causes  and  results  of  the  disturb- 
ances of  the  neutral  equilibrium  of  the  atmosphere  to  be  the  most 
fundamental  problem  of  meteorology,  and  the  investigation  of  the 
geographical  origin  of  the  currents  which  pass  over  us  on  their  way 
towards  the  pole  to  be  the  most  important  problem  in  weather  predic- 
tion. 
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THE  GULF  STREAMS 


By  Alexander  Agassiz. 


The  Gulf  Stream  is  the  best  known  and  at  the  same  time  the  most  re- 
markable example  of  the  effect  of  oceanic  circolation  upon  the  distribu- 
tion of  temperature  in  connection  with  the  currents  of  the  North  Atlan- 
tic. Jt  has  long  been  known  to  geographers  that  a  cold  current  coming 
from  Greenland  joins  the  Labrador  current,  and  extends  in  a  southerly 
direction  along  the  eastern  coast  of  the  United  States,  while  a  warm  cur- 
rent pouring  through  the  Straits  of  Florida  flows  in  the  opposite  direc- 
tion t  along  the  coast  of  the  southern  Atlantic  States,  and  is  deflected 
from  the  banks  of  Newfoundland  crossing  the  Atlantic  diagonally. 
This  body  of  warm  water  makes  itself  felt  along  the  west  coast  of  the 
British  Islands,  penetrating  even  as  far  as  the  coast  of  Spitzbergen, 
and  perhaps  beyond,  to  Nova  Zembla.  It  is  impossible  to  discuss  the 
results  of  the  more  recent  investigations  of  the  Gulf  Stream  carried  on 
by  the  Blakcj  without  Including  the  general  questions  of  oceanic  circu- 
lation, and  of  the  thermal  conditions  of  the  Atlantic  in  particular.  I 
shall  therefore  briefly  state  such  points,  derived  from  the  explorations 
of  the  CJiallenger  and  other  expeditions,  as  will  assist  us  in  understand- 
ing the  history  and  physics  of  this  great  oceanic  current. 

Sir  Charles  Lyell  has  called  attention  to  the  fact  that  in  the  present 
epoch  the  most  marked  physical  feature  of  the  surface  of  the  globe  is 
its  subdivision  into  a  land  and  an  oceanic  hemisphere.  Thomson,  like 
him,  looks  upon  the  oceans  as  continuous,  and  has  happily  styled  the 
Atlantic,  the  Pacific,  and  the  Indian  oceans  as  great  gulfs  of  the  South- 
ern Ocean. 

The  striking  hydrographic  character  of  the  North  Atlantic  is  its  com- 
parative isolation  fn)m  the  Arctic  Ocean ;  the  South  Atlantic,  on  the 
contrary,  is  fully  open  to  the  circulation  of  cold  wat^r  coming  firom  the 


*  From  the  BuUetin  of  the  Museum  of  Comparative  Zoology^  at  Harvard  CoUege,  in 
Cambridge,  Maas.,  vol.  xiv :  chap,  ix,  pp.  241-259. 

t  Along  the  American  coast  the  sudden  transition  from  the  green,  cold,  and  more  or 
less  turbid  water  found  along  the  coast  and  continental  shelf,  into  the  deep  bine 
waters  of  the  warm  Gnlf  Stream,  is  one  which  has  been  noticed  by  all  who  have 
passed  from  the  shore  seaward.  This  cold  green  water,  which  has  such  a  chilling 
influence  on  the  climate  of  the  New  England  States,  follows  the  line  of  the  Atlantic 
coast  of  the  United  States  far  towards  the  base  of  the  peninsula  of  Florida. 

188 
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Antarctic  Ocean.  The  South  Atlantic  is  shut  off  from  its  northern  area 
by  the  ridge  extending  from  St.  PauVs  Bocks  to  Ascension,  at  a  depth 
of  about  2,000  fathoms.  The  Challenger  Bidge  runs  nearly  north  and 
south,  leaving  a  free  communication  between  the  Antarctic  Ocean  and 
the  eastern  and  western  basins  of  the  South  Atlantic.  The  North  At- 
lantic is  subdivided  into  an  eastern  and  western  basin  at  a  depth  of 
about  1,500  fathoms  by  the  Dolphin  Bise,  which  follows  in  a  general 
way  the  course  of  the  S-shaped  Atlantic  basin.  Bidges  separating  the 
Atlantic  from  the  Arctic  Ocean  extend  across  Denmark  Straits,  proba- 
bly at  a  shallow  depth.  From  Greenland  to  Iceland  the  depth  has  an 
average  of  500  fathoms ;  from  Iceland  to  the  Faeroes,  an  average  of  about 
300  fathoms,  and  from  there  to  the  Orkneys,  of  not  more  than  220  fath- 
oms. From  the  configuration  of  the  bottom  it  is  evident  that  a  larger 
amountof  cold  water  must  rea»ch  the  tropics  from  the  Antarctic  than  from 
the  Arctic  regions,*  which  are  shut  off  from  the  Atlantic  by  submarine 
ridges.^  Over  these  and  through  the  channels  of  Baffin's  Bay  but  a 
limited  amount  of  cold  water  can  find  its  way  south.  In  the  eastern 
Atlantict  the  principal  cooling  agent  must  be  the  cold  water  slowly 
flowing  northward  from  the  Antarctic  between  the  Challenger  Bidge 
and  Africa. 

The  shape  of  the  northern  extremity  of  South  America,  together  with 
the  action  of  the  southerly  trades,  is  such  as  to  split  the  southern  equa- 
torial current,  and  to  drive  a  considerable  part  of  this  southern  current 
northward  to  join  the  wei^iterly  drift  which  flows  to  the  northward  of 
the  Greater  Antilles  and  Bahamas.  The  phenomena  of  oceanic  circula- 
tion in  their  simplest  form  are  here  seen  to  consist  of  westerly  currents 
impinging  upon  continental  masses,  deflecteil  by  them  to  the  northward 
and  eastward,  and  gradually  lost  in  their  i>olar  extension. 

There  is  on  the  west  side  of  the  North  Atlantic  an  immense  body  of 
warm  water,  of  which  the  Gulf  Stream  forms  the  western  edge,  flowing 
north  over  a  large  body  of  cold  water  that  comes  from  the  poles  and  flows 
south.    The  limits  of  the  line  of  cx)nflict  between  these  masses  are  cx)n- 

*  Tho  temperature  line  rnn  diagonally  across  the  Atlantic  from  Madeira  to  Tristan 
da  Cnnha  by  the  Challenger  brings  out  tho  remarkably  shallow  stratum  of  warm 
water  of  that  part  of  the  equatorial  regions  which  corresponds  to  the  regions  of  the 
tradewinds  both  north  and  south  of  tho  equator.  The  temperatures  of  the  belts  of 
wat<*r  between  200  and  500  fathoms  north  and  south  of  the  line  plainly  show  that  the 
colder  water  found  south  of  the  equator  can  not  come  from  the  warmer  northern  belt 
of  the  same  depth,  but  must  come  from  tho  colder  belt  adjoining  the  equatorial  re- 
gion. In  other  words,  the  cold  water  may  be  said  to  rise  towards  the  surface  near 
the  eqnator;  and  from  the  temperature  of  the  two  sides  of  the  North  Atlantic  it  is 
also  evident  that  the  supply  of  cold  water  flowing  from  the  Antarctic  mto  the  At- 
lantic is  greater  than  that  coming  from  the  Arctic  regions.  This  vertical  circnla- 
tioUf  characteristic  of  the  equatorial  belt,  is  insignificant,  however,  when  compared 
with  the  g^at  horizontal  oceanic  currents. 

t  In  the  Pacific  the  amount  of  cold  water  flowing  into  it  through  the  narrow  and 
shallow  Bering  Strait  is  infinitesimal  compared  with  the  mass  of  cold  water  creep- 
hig  northward  into  the  Pacific  gulf  from  the  depths  of  the  Southern  Ocean. 
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stantky  chan^jing,  according  to  the  seasons.  At  one  time  the  colder 
water  from  Davis's  Straits  spreads  like  a  fan  near  the  surface,  driving 
the  Gulf  Stream  to  the  east,*  and  at  another,  large  masses  of  warm 
water  extend  towards  the  Faroe  Islands,  with  branches  toward  Iceland 
and  the  coast  of  Portugal. 

An  examination  of  an  isothermal  chart  of  the  Atlantic  clearly  shows 
the  effect  of  the  isolation  of  the  Northern  Atlantic,  the  area  of  maxi- 
mum temperature  (82^)  extends  over  a  far  greater  space  in  the  North 
than  i^  the  South  Alantic.  The  Gulf  of  Mexico  and  the  Caribbean  be- 
come greatly  superheated  in  September  (to  above  86°),  the  effect  of  this 
superheating  in  conjunction  with  the  westerly  equatoiial  drift  being 
seen  clearly  in  the  northerly  extension  of  the  isothermal  lines.  In  the 
South  Atlantic,!  owing  in  i)art  to  the  greater  regularity  in  the  shape  of 
the  basin,  the  difference  in  the  extension  of  the  isothermal  lines  is  but 
little  marked. 

The  Ibemperature  sections  of  the  Cliallengerj  trom  Teneriffe  to  Som- 
brero, show  remarkably  well  the  great  contrast  in  temperature  between 
the  eastern  and  westorn  basins  of  the  Atlantic,  which  are  separated  by 
the  Dolpliin  Rise.  In  the  eastern  basin  the  cold  water  on  the  bottom 
is  supplied  by  the  indraft  from  the  South  Atlantic,  while  the  warmer 
surface  water  of  the  western  basin  is  due  to  the  westerly  equatorial 
currents.  We  seem,  therefore,  to  have  masses  of  water  of  different 
temperatures  accumulated  at  certain  points  by  surface  or  bottom  cur- 
rents, to  be  distributed  again,  either  north  or  south,  into  the  general 
oceanic  circulation,  thus  restoring  the  equilibrium  disturbed  by  the  un- 
equal distribution  of  heat  and  cold  on  the  surface  of  the  ocean. 

Another  temi)erature  section  (Fig.  1),  which  I  shall  borrow  from  the 
Challenger  soundings,  to  complement  the  work  of  the  Blake  in  the  same 
regions,  is  that  which  extends  from  Halifax  to  the  Bermudas,  and  thence 
to  St.  Thomas.  The  temperatures  observed  by  these  vessels  show 
plainly  the  path  of  the  warm  surfa^re  water,  which  flows  outside  of  the 
West  India  Islands,  and  joins  the  Gulf  Stream  proper,  whose  waters 
when  united  are  banked  against  the  cold  Labrador  current  in  its  course 
along  the  American  coast. 

Undoubtedly,  the  early  observations  made  upon  the  temperature  of 
the  ocean  were  defective,  owing  to  the  somewhat  imperfect  instruments 
at  the  disposal  of  the  early  explorers;  yet  they  determined  the  general 
position  of  the  cold  and  warm  currents  of  the  ocean  along  our  shores. 


*The  direction  from  which  the  cnrreutM  come  ia  plainly  shown  hy  the  nature  of  the 
bottom  specimens,  made  up  in  part  of  globigerinsB  brought  by  the  warmer  southerly 
surface  enrrentd,  and  in  part  of  northern  foraminifera  and  of  volcanic  sand  derived 
from  Jan  Mayen  and  Spitzliergen.  The  dividing  lineal  between  these  deposits  may  be 
considered  as  the  boundaries  of  the  arctic  current  where  it  passes  under  the  Gulf 
Stream. 

tThe  parallelism  of  temperature  is  also  very  marked  in  the  South  Pacific,  where 
there  are  no  di St u riling  influences.  (See  J.  J.  Wild,  ThalasBa,  (pi.  xv.)  and  Ckal- 
Umger  Temperatures.) 
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The  more  systematic  work  of  the  officers  of  the  Coast  Survey  first 
proved  the  existence  of  vast  bodies  of  water,  of  considerable  thickness, 
and  of  very  different  temperatures  at  corresponding  depths,  moving  in 
opposite  directions.  It  is  to  the  Coast  Survey  that  we  owe  the  demon- 
stration of  the  fact  that  the  waters  of  the  polar  regions  pour  into  the 
tropics  along  the  bottom,  just  as  the  warmer  equatorial  waters  flow 
across  the  temperate  zones  near  the  surface,  and  make  their  influence 
felt  in  the  i>olar  regions. 

The  submarine  ridges  interrupt  the  flow  of  these  cold  polar  waters, 
and  form  the  so-called  closed  basins,  with  a  higher  bottom  temperature 
than  that  of  the  adjoining  oceanic  basin.  The  effect  of  such  ridges 
upon  the  bottom  temperature  was  first  traced  by  the  soundings  of  the 
Porcupine  in  the  North  Atlantic  and  in  the  Mediterranean.  Subse- 
quently the  Challenger  discovered  several  such  inclosed  seas  while 
sounding  in  the  East  Indian  Archipelago, 

The  correctness  of  these  results  has  been  confirmed  by  the  Coast 
Survey,  ii'om  soundings  in  the  Caribbean  and  in  the  Gulf  of  Mexico ; 
their  bottom  temperature  (at  a  depth  of  over  2,000  fathoms)  is  exactly 
that  (69  JO)  of  the  deepest  part  of  the  ridge,  at  about  800  fathoms,  which 
separates  them  from  the  oceanic  Atlantic  basin,  with  its  temperature 
of  360  at  the  depth  of  2,000  fathoms. 

The  presence  of  thick  layers  of  water  having  a  higher  bottom  tem- 
perature than  that  of  adjoining  areas  would  indicate  the  presence  of 
ridges  isolating  these  warmer  areas  from  the  general  deep-sea  oceanic 
circulation.  A  map  of  the  Atlantic,  made  entirely  with  reference  to 
the  temperatures,  would  correspond  to  a  remarkable  degree  with  the 
topography  of  the  bed  of  the  ocean,  and  show  how  and  where  the  breaks 
in  the  continuity  of  the  circulation,  both  for  the  arctic  and  antarctic 
regions,  occur  in  the  Atlantic. 

It  was  not  however  until  the  Miller-Casella  thermometer  came  into 
general  use  for  deep-sea  investigations  that  a  degree  of  accuracy  before 
unattainable  in  oceanic  temperature  became  possible.  It  soon  was  a 
well-recognized  fact  that  as  we  go  deeper  the  temperature  diminishes, 
and  that  at  great  depths  the  temperature  of  the  ocean  is  nearly  that 
of  freezing.  In  1868-'69,  in  the  Faroes  Channel,  the  Porcupine  found 
a  temperature  of  — 1.4P  C,  at  a  depth  of  640  fathoms,  and  a  tempera- 
ture of  0^  C.  at  300  fathoms,  this  being  a  soutliern  extension,  as  was 
subsequently  found,  of  the  deep  basin  of  1,800  fathoms  lying  between 
Norway  and  Iceland.  The  same  teraperatui*e,  0.9^  C,  occurs  under 
the  equator  at  a  depth  of  about  2,300  fathoms,  while  6°  C.  is  found  at 
a  depth  of  300  fathoms.  As  early  as  1859  the  Coast  Survey  had  re- 
corded in  the  Straits  of  Florida  a  temperatuie  of  40o  F.  (4.4o  C.)  at  a 
depth  of  300  fathoms,  while  at  the  surface  the  temperature  was  80^  F. 
(26.70  C).  Beyond  1,000  fathoms  the  temperature  diminishes  very 
slowly.  The  Challenger  also  found  a  temperature  somewhat  below  zero 
off  the  Rio  de  la  Plata,  at  a  depth  of  about  2,900  fathoms. 
H.  Mis.  334,  pt.  1 13 
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The  temperature  of  the  oceanic 
bashi  depends  upon  the  depth,  the 
latitude,  the  currents,  and  the  sea- 
sous;  that  of  mediterraneans  (land- 
locked seas)  is  controlled  by  other 
causes,  which  will  be  more  fully  dis- 
cussed when  we  come  to  treat  of  the 
t^mi)erature  of  the  Caribbean  and 
of  the  Gulf  of  Mexico.  The  constants 
are  the  depths  and  latitude,  while  the 
disturbing  elements  are  represented 
by  the  varying  atmospheric  and  oce- 
anic currents  and  the  seasons.*  The 
effects  of  seasonal  differences  of  tem- 
l>erature  do  not  extend  to  great 
depths,  yet  act  with  sufficient  power 
greatly  to  modify  the  force  and  vol- 
ume of  the  oceanic  currents.  As  a 
general  rule,  the  temperature  dimin- 
ishes from  the  surface  toward  the 
bottom,  a  belt  limited  in  depth  (about 
150  fathoms)  alone,  being  subject  to 
variations  due  to  the  jiction  of  the 
sun.  Below  that  the  temperature 
generally  decreases  with  the  depth, 
until  we  reach  the  body  of  water  of 
which  the  temperature  may  in  gen- 
eral be  said  to  be  uniform  (about 
3r,o).t 

As  explanations  of  the  oceanic  cur- 
rents, we  have  first  the  gravitation 
theory,  which  looks  upon  the  differ- 
ences of  temperature  and  of  specific 
gravity  of  the  water  at  the  equator 
and  poles  as  the  prime  cause  of  oce- 
anic circulation;  next,  Thomson's 
theory,  according  to  which  the  differ- 
ence in  evaporation andprecipitation 
between  the  northern  and  southern 
hemispheres  causes  a  consequent 
heaping  up  of  water  in  the  south- 


*  Dr.  J.  J.  Wild  baH  given  in  '^Tlialaesa"  an  excellent  diagram,  showing  at  a  glance 
the  general  relations  of  the  temperature  in  the  lit^uid  envelopes  to  the  earth^s  crust. 
It  is  here  re-produced  (Fig.  2),  slightly  moditied. 

t  As  currents  sink  as  soon  as  their  temperature  falls  below  that  of  adjoining  waters, 
and  as  the  temperature  diminisbes  from  the  surface  toward  the  bottom,  as  well  as 
from  the  Cfjuator  to  the  pole,  a  combination  of  these  varying  elements  may  produce 
a  somewhat  comphcated  circulation. 
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ern  hemisphere,  which  soutli  of  latitude  50^  is  completely  covered  by- 
water;  thirdly,  the  theory  which  attempts  to  account  for  the  circulation 
by  the  vis  inertiw  of  the  equatorial  waters;  and,  lastly,  the  theory  which 
considers  the  trade- winds  and  other  prevailing  winds  as  the  prhieipal 
causes  by  which  oceanic  currents  are  produced.  Franklin,  Humboldt, 
Rennell,  Sir  John  Herschel,  and  Croll  have  supported  this  view  of  the 
origin  of  oceanic  currents. 

Of  course,  until  the  extension  of  the  frictional  effect  of  wuids  to  great 
depths  has  actually  been  measured,  the  last  theory,  plausible  as  it  may 
appear,  lacks  its  final  demonstration.  It  is  by  no  means  proved,  be- 
cause there  is  an  apparent  connection  in  time  between  the  periodic  va- 
riations of  the  cuiTents  and  of  the  trade- winds,  that  we  must  seek  in  the 
latter  the  only  cause  for  the  existence  of  the  former.  The  presence  of 
the  Guinea  Stream,  the  positi«m  of  the  regions  of  calms  in  the  north- 
ern and  southern  hemispheres,  the  diminishing  force  of  the  trade- winds 
as  we  approach  the  equator,  the  rise  of  the  colder  strata  of  water  to 
shallower  depths  in  the  equatorial  than  in  the  temperate  regions,  are 
phenomena  which  the  action  of  the  trade-winds  alone  does  not  seem  to 
explain.  Why  may  not  oceanic  circulation,  like  the  movements  of  our 
atmosphere,  be  dependent  upon  cosmic  phenomena,  practically  inde- 
pendent of  any  secondary  causas,  and  modified  by  them  within  very 
narrow  limits? 

The  difference  in  salinity  of  certain  oceanic  districts  is  hi  itself  insuflfl- 
cient  to  explain  oceanic  eircuLation;  so  that  while  the  secondary  causes 
referred  to  above  are  undoubtedly  active  as  producing  more  or  less  ex- 
tensive local  circulation,  we  seem  justified  in  looking  upon  the  differ- 
ences of  temperature  of  the  zones  of  the  ocean  as  the  principal  cause  of 
the  general  oceanic  circulation.  We  may  state,  in  the  nmin,  that  the 
density  of  the  ocean  water  is  least  at  the  equator,  gradually  rises 
toward  the  ixfles,  and  attains  its  maximum  at  60o  of  latitude.  For 
the  sake  of  convenience  we  may  call  the  density  of  the  ocean  as  one  at 
a  depth  of  500  fathoms,  and  consider  the  strata  of  water  above  and  be- 
low as  having  a  less  and  a  greater  density,*  within  very  narrow  limits; 
thus  the  watery  envelope  is  not  in  a  stat^  of  equilibrium. 

The  most  important  disturbing  factors  of  a  uniform  distribution  of 
oceanic  temperature  are  the  continental  masses  which  lie  in  the  path 
of  the  equatorial  currents.  A  comparison  of  the  position  of  the 
oceanic  isotherms  of  the  North  and  South  Atlantic  shows  a  striking 
contrast  in  their  course  north  and  south  of  the  equator.  A  similar 
comparison  between  the  Atlantic  and  Pacific  brings  out  plainly  the 
contrast  in  the  course  of  the  isotherms  of  two  oceans,  in  which  the 
disturbing  effect  is  due  in  the  one  to  continental  masses  and  in  the 
other  to  large  groups  of  oceanic  islands. 

*  Ocean  water,  at  depths  exceeding  1,000  fathoms.  h:u*  a  temperature  of  nearly  35^ 
F.,  the  temperature  of  greatest  d<^«Hity.  Should  the  water  become  either  colder  or 
warmer,  it  must  expand;  this  it  can  not  do,  on  account  of  the  pressure. 


Digitized  by  VjOOQ IC 


196  THE   GULF   STREAM. 

Perhaps  the  best  example  of  the  unstable  eiiuilibrinm  existing  be- 
tween adjoining  oceanic  areas  is  fhrnished  by  the  heaping  up  of  the 
waters  driven  by  the  tradewiuds  into  the  Gulf  of  Mexico  from  the 
Caribbean.  The  amount  of  this  accumulation  has  actually  been  meas- 
ure<l  by  officers  of  the  United  States  Coast  Survey.  It  gives  an  addi- 
tional force  at  work  to  keep  up  the  efficiency  of  the  Gulf  Stream.  The 
Gulf  of  Mexico  is  considered  by  Mr.  Hilgard  as  an  immense  hydro- 
static reservoir,  rising  to  the  height  of  more  than  3  feet*  above  the 
general  oceanic  level,  and  from  this  supply  comes  the  Gulf  Stream, 
which  passes  out  through  the  Straits  of  Bemini,  the  only  opening  left 
for  its  exit. 

Arago,  Lenz,  and  Leonardo  da  Vinci  before  them,  maintained  that, 
since  the  water  of  the  equator  was  greatly  heated  and  lighter  and 
attained  a  higher  level,  there  was  a  flow  of  the  surface  waters  towards 
the  poles,  a  compensation  being  established  by  the  flow  of  lower  strata 
from  the  poles  to  the  equator.  The  principal  features  of  this  thermic 
theory  have  of  late  found  their  most  efficient  exponent  in  Dr.  Carpen- 
ter. The  results  of  his  experiments  to  prove  this  theory  upon  a  small 
scale  seemed  to  show  that  the  cooling  of  the  waters  at  the  pole  and 
their  rapid  fall  were  a  more  efficient  force  than  the  heating  of  the 
water  at  the  equator.  Ferrcll  hius  called  attention  to  the  phenomenon 
that  cold  water  at  the  bottom  will  be  swung  more  to  the  westward  than 
the  water  at  the  t4»p,  which  will  be  turned  in  an  easterly  direction.  As 
the  particles  of  water  ascend,  they  retjun  the  velocity  they  had  in 
deeper  parts  of  the  ocean,  and  thus,  when  reaching  either  the  surface 
or  lesser  depths  than  their  original  position,  they  must  show  themselves 
as  producing  a  westerly  current.  This  current,  deflected  by  the  con- 
tinental masses  as  it  strikes  the  east  coast,  would  then  be  set  in  motion 
towards  either  the  north  or  south  pole.  At  the  equator,  the  water 
which  flows  westward  from  the  eastern  sh(m's  of  the  continental  masses 
can  only  be  replaced  by  the  compensating  waters  flowing  to  it  from  the 
north  and  south.  This  circulation  fairly  agrees  with  the  phenomena 
observed  in  the  South  and  North  Atlantic. 

It  is  interesting  to  trace  the  gradual  development  of  our  knowledge 
of  the  Gulf  Stream  and  to  see  how  far-reaching  has  been  the  influence 
of  the  oceanic  currents  ui>on  the  explorations  of  maritime  nations,  and 
the  eff*ect  these  have  had  in  their  turn  on  the  discovery  of  America 
and  its  settlement.!  The  hardy  Norse  navigators,  nearly  five  hundred 
years  before  Columbus,  sailed  along  the  eastern  shores  of  Greenland 
and  America,  and  extended  their  voyage  possibly  «s  far  south  as  Nar- 
ragansett  Bay,  following  the  Labrador  current,  which  swept  them  along 
our  eastern  shores.    It  was  well  known  to  navigators  that  upon  the 

•  By  a  raoftt  careful  series  of  levels,  run  from  Sjindy  Hook  and  the  mouth  of  the 
Missisaippi  River  to  St.  Louis,  it  was  discovered  iliat  the  Atlantic  Ocean  at  the  first 
point  is  40  inches  lower  than  the  (iiilf  of  Mexico  at  the  mouth  of  the  Mississippi. 

tSee  Kohl,  J.  U.j  Ge^chichte  den  GolfHtromH  and  seiner  Erforschung,  1868. 
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western  shores  of  Norway  and  the  northern  coast  of  Clre;it  Britain 
driftwood  of  unknown  timber  and  seeds  of  plants  foreign  to  the  tem- 
l)erate  zone  were  occasionally  stranded,  c^)niing  from  shores  where 
probably  no  Euroi^ean  had  as  yet  set  foot. 

The  Portuguese  navigators,  sailing  west,  came  beyond  the  Canaries 
to  an  ocean  covered  with  seaweed  (the  gulf-weed  of  the  Sargasso  Sea), 
through  which  none  dared  to  push  their  way,  and  the  problem  of  the 
"  Sea  of  Darkness  "  remained  unsolved  until  the  time  of  Columbus.  He 
possibly  was  familiar  with  the  traditions  of  the  voyages  of  the  Norse- 
men and  undoubtedly  had  access  to  more  or  less  accurate  information 
regarding  the  Atlantic,  accumulated  previous  to  his  time  in  the  ar- 
chives of  l*ortugal  and  Spain  or  circulated  among  the  sea  folk  of  that 
day,  and  this  information  included  legends  of  lands  to  the  west.  Co- 
lumbus started  under  the  full  persuasion  that  he  could  reach  the  lands 
from  which  the  remarkable  products  brought  by  the  currents  had 
originated.  When  he  came  into  the  region  of  the  northeast  trades 
and  found  himself  swiftly  carried  westward,  not  only  by  the  winds,  but 
also  by  a  current  moving  in  the  direction  of  the  trades,  his  return 
seemed  very  hazardous,  unless  he  could  strike  upon  that  opposite  cur- 
rent which  h^d  borne  the  trees  and  seeds  to  the  northern  coasts  of 
Europe.  Obliged  by  the  trades  to  take  a  northerly  course  on  his  way 
home  fromHispaniola  in  1403,  he  csune  upon  the  region  of  variable  and 
westerly  winds,  with  a  current  setting  in  the  same  direction.  Colum- 
bus was  thus  the  first  to  introduce  the  circular  sailing  course  which, 
up  to  the  present  day,  vessels  sailing  from  the  West  Indies  to  Europe 
are  compelled  to  take.  Tliey  come  before  the  wind  with  the  trades, 
make  the  Windward  Islands,  and,  sailing  northward,  find  their  way 
through  the  Windward  or  the  Mona  Passage,  until  they  reach  the  belt 
of  variable  and  westerly  winds,  when  they  steer  toward  the  European 
shores  again. 

After  reaching  the  Mexican  coast,  Columbus,  by  one  of  his  broad 
generalizations,  practically  discovered  the  Straits  of  Florida,  arguing 
that  it  must  have  an  outlet  into  the  Atlantic  and  that  he  would  thus 
escape  the  tedious  voyage  in  the  teeth  of  the  northeast  trades,  which 
would  bo  his  lot  if  he  attempted  to  find  his  way  home  by  the  usual 
r<mte  of  the  Windward  or  the  Mona  Passage.  In  1519,  an  expedition 
inspired  by  Alaminos  was  dispatched  by  Garay,  governor  of  Jamaica, 
to  follow  the  easterly  current  running  along  the  northern  shores  of 
Cuba.  The  expedition,  however,  did  not  succeed  in  passing  to  the 
eastward  of  Cai)e  Florida. 

An  accurate  knowledge  of  the  currents  and  winds  enabled  the  free- 
booters of  the  sixteenth  century  to  carry  on  their  depredations  with 
impunity,  and  their  successors,  the  wreckers  of  the  Florida  reefs  and 
Bahamas,  made  use  of  their  intimate  knowledge  of  the  coasts  and  of 
the  winds  and  currents  to  obtain  commercial  advantages,  not  always 
by  the  most  honest  methods.    With  the  mapping  of  the  reefs  by  the 
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Coast  Survey  all  this  has  disappeared,  and  the  lighting  of  the  great 
highway  of  the  Straits  of  Florida  has  reduced  to  a  minimum  the  dan- 
gers of  navigation,  though  the  Tortugas  are  still  a  favorite  resort,  even 
in  broad  daylight,  for  old  ships  properly  insured. 

The  captain  of  one  of  the  Spanish  vessels  was  carried  south,  off  the 
coast  of  South  America,  by  the  current  which  sweeps  from  Gape  St. 
Roque  along  the  shores  of  Brazil,  and  involuntarily  discovered  the  Bra- 
zilian shore  current.  Though  these  different  currents  were  known  to 
exist  in  the  Atlantic,  the  most  crude  notions  of  their  origin  and  course 
prevailed.  ( Fig.  3. )  According  to  Columbus,  at  the  equator  the  watei'S 
of  the  ocean  moved  westward  with  the  heavens  above,  rolling  over  the 
fixed  earth  as  a  center.  It  was  only  in  the  seventeenth  century  that 
physicists  began  to  suspect  a  connection  between  the  currents  and  the 
rotation  of  the  earth,  a  view  afterwards  maintained  by  Arago  and  Hum- 
boldt. 

The  first  scientific  basis  for  the  exploration  of  the  Gulf  Stream  was 
undoubtedly  due  to  Franklin.  At  the  time  he  was  Postmaster-Gteneral 
of  the  colonies,  his  attention  was  called  to  the  fact  that  the  royal  mail 
packets  made  much  longer  passages  to  and  from  Europe  than  the  trad- 
ing vessels  of  Massachusetts  and  Rhode  Island.  On  taljLing  the  mat- 
ter over  with  Oapt.  Folger,  of  Nantucket,  he  first  learned  the  existence 
of  a  strong  easterly  current,  of  which  the  New  England  captains  took 
advantage  in  going  to  Europe,  and  which  they  avoided  by  sailing  a 
northerly  course  on  the  home  voyage.  Folger  also  called  Franklin's 
attention  to  the  fact  that  this  current  was  a  warm  one.*  He  and  Dr. 
Blagden  becoming  interested  in  the  question,  Franklin  set  out  to  ascer- 
tain the  size  of  the  current  and  its  temperature.  Soon  after,  Franklin 
published  the  first  chart  of  the  Gulf  Stream  (Fig.  4),  for  the  benefit  of 
navigators,  from  information  obtu-iied  from  Nantucket  whalemen,  who 
were  extremely  familiar  with  the  Gulf  Stream,  its  course,  strength,  and 
extent. 

From  the  time  of  Franklin  until  the  problem  of  the  Gulf  Stream  was 
again  attacked,  in  1845,  by  Franklin's  descendant.  Prof.  A.  D.  Bache, 
of  the  United  States  Coast  Survey,  many  ingenious  theories  were 
published,  but  nothing  was  added  to  our  knowledge  of  the  origin  and 
structure  of  the  Gulf  Stream.  Humboldt,  Arago,  and  others  attempted 
to  trace  in  the  Gulf  Stream  a  secondary  effect  of  the  trade-winds,  and 
of  the  rotation  of  the  earth.  The  oflicers  of  arctic  expeditions  sent  to 
Spitzbergen  did  not  fail  to  see  the  efi'ect  of  a  mass  of  warm  water 
passing  northward,  and  Von  Baer  was  among  the  first  to  consider  this 
body  of  water  as  an  eastern  extension  of  the  Gulf  Stream.  Meanwhile 
the  arctic  explorers  of  BaflSns  Bay  and  western  Greenland  found  them- 
selves baffled  in  their  efforts  to  reach  high  latitudes  by  the  powerfnl 

*  It  was  noticed  by  Leecarbot,  in  1605,  that  far  north  there  was  a  mass  of  wiirm 
water  moving  toward  the  ea^t,  and  that  both  north  and  south  of  it  the  water  of 
the  Atlantic  waa  cooler. 
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Houtlierly  cuiTent,  carrying  with  it  fields  of  ice  or  huge  icebergs,  which 
had  found  theu*  way  south  below  the  southeru  limits  of  the  Banks  of 


Newfoundland,  and  even  beyond  the  latitude  of  Oape  Cod  and  Nan- 
tucket Shoals. 
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The  earlier  work  of  the  Coast  Survey  in  its  investigations  into  the 
structure  of  the  Gulf  Stream  (IS-lo  to  1860)  consisted  in  making  sec- 
tions across  the  stream,  from  the  Straits  of  Bernini  as  far  north  as  the 
latitude  of  Nantucket.  From  the  studies  of  Craven,  Maffitt,  Bache, 
and  Davis  were  developed  the  so-called  cold  and  warm  bands,  believed  at 
that  time  to  be  the  principal  characteristic  of  the  Gulf  Stream.  Tlie 
accompanying  map  (Fig.  5),  published  in  I860  by  the  Coast  Survey, 
will  serve  to  illustrate  the  structure  of  the  Gulf  Stream  as  it  was  then 
understood;  namely,  as  a  succession  of  belts  composed  of  warm  north- 
erly currents  flowing  side  by  side  with  a  cold  southerly  current,  or  of 
a  cold  southerly  current  which  had  found  its  way  under  the  warmer 
northerly  currents.  These  alternating  belts  had  no  definite  position, 
the  size  of  the  colder  bands  and  warmer  belte  being  dependent,  the  one 
upon  the  force  of  the  arctic  current,  the  other  upon  that  of  the  tropical 


Fig.  6.  —Challenger  observations. 

current,  increased  in  breadth  and  volume  beyond  the  Bahamas  by  the 
whole  of  the  warm  belt  of  surface  equatorial  water,  which  is  deflected 
northward  by  the  Windward  Islands,  instead  of  forcing  its  way  through 
the  passage  between  the  Windward  Islands,  the  Mona  and  Windward 
X)assages,  and  the  Old  Bahama  Passage.* 

•Great  as  is  undonbtedly  the  effect  of  the  Golf  Stream  proper  (Fig.  6)  in  inci^as- 
ing  the  temperature  of  the  water  in  northern  latitudes  subject  to  its  influence,  we 
must  not  forget  to  add  to  it  that  of  the  greater  mass  of  heated  water  which  is  forced 
north,  and  finds  its  way  to  the  northernmost  shores  of  Siberia,  losing  in  its  passage 
the  heat  it  has  accumulated  within  the  tropics.  So  that,  while  we  can  not  say  that 
the  Gulf  Stream  has  disappeared,  and  has  been  replaced  off  the  Banks  of  Newfound- 
land by  the  equatorial  drift,  neither  can  we  attribute  to  the  Atlantic  drift  alone  the 
masses  of  warm  water  found  in  the  basin  of  the  northern  part  of  the  North  Atlantic. 
(See  Figs,  land  6.) 
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Commander  Bartlett  found  no  warm  or  cold  bands,  no  distinct  cold 
wall,  and  no  bifurcations  in  the  surface  waters  till  he  came  off  Hatt eras. 
Near  the  shore  the  current  was  greatly  influenced  by  winds.  The 
work  of  the  Blake  seems  to  show  that  the  cold  bands,  so  called,  which 
figure  so  largely  in  all  early  descriptions  of  the  Gulf  Stream,  have  no 
regularity,  and  only  represent  at  any  given  moment  the  unceasing  con- 
flict going  on  between  layers  of  water  of  different  velocities  and  of  dif- 
iei'ent  temperatures.  Such  a  conflict  is  perhaps  the  well-known  rip 
we  encountered  off  Charleston,  which  may  be  caused  by  a  struggle  be- 
tween portions  of  the  Labrador  current  passing  under  the  Gulf  Stream. 
As  the  isotherms  rise  and  fall  with  the  irregularities  of  the  bottom, 
where  water  accumulates  or  piles  against  ridges,  hot  and  cold  bands 
may  be  flowing  one  above  the  other.  We  need  however  more  pro- 
longed observations  to  show  how  far  below  the  surface  these  bands 
extend.  Commander  Bartlett,  from  the  lavSt  Coast  Survey  investiga- 
tions under  his  direction,  is  inclined  to  consider  the  cold  bands  of  the 
Gulf  Stream  as  cjuite  superficial.* 

A  cold  current  striking  against  a  warmer  stream  that  is  flowing  in 
the  opposite  direction  may  split  it  into  more  or  less  marked  hot  and 
cold  bands.  Bands  similar  to  those  of  the  Gulf  Stream  were  observed 
by  the  Challenger  in  the  Agulhas  current  off  the  Cape  of  Good  Hope, 
and  off  Japan  in  the  Kuro  Siwo. 

It  is  of  course  difficult  to  ascertain  the  part  taken  by  the  trade- winds 
in  originating  the  oceanic  circjulation  of  the  Atlantic.  That  winds 
blowing  steadily  from  one  quarter  give  rise  to  powerful  currents  is 
well  known,  and  it  is  not  difficult  to  imagine  the  prominent  part  the 
trades  must  play  in  .netting  in  motion,  in  a  southwesterly  and  a  north- 
westerly direction,  the  mass  of  water  over  which  they  sweep  so  persist- 
ently on  each  side  of  the  equator. 

The  change  of  currents  in  the  Indian  Ocean  due  to  the  shifting  of 
the  monsoons  is  well  known.  How  far  below  the  surface  this  action  of 
the  winds  reaches,  is  another  question.!  Theoretically  it  has  been  cal- 
culated by  Zoeppritz  that  one  hundred  thousand  years  is  ample  time  to 
allow  the  friction  of  the  particles  to  extend  from  the  surface  to  the  bot- 


*  In  Bftiling  from  IlaHfax  to  the  Bermudas,  Sir  Wyville  Thomson  speaks  of  passing 
alternate  belts  of  cold  and  warm  water.  Early  in  the  moniing  of  the  22d  of  May, 
the  surface  water  was  of  a  temperature  of  17^  C. ;  at  midnight  it  had  fallen  to  12^ 
C,  to  rise  again  half  an  hour  later  to  over  15^  C.  Thus,  from  the  time  the  ChaUen- 
ger  left  Halifax  with  a  surface  temperature  of  4^  C,  gradually  rising  to  IC^  C.  until 
she  encountereil  the  Gulf  Stream  proper,  marked  by  a  rapid  rise  of  temperature,  she 
passed  through  alternate  belts  of  warm  and  cooler  surface  waters  varying  between 
18^  C.  and  23°  C. 

t  The  movement  arising  from  the  action  of  the  winds  on  the  surface  is  transmitted, 
by  friction  from  one  layer  to  another  and  communicates  the  velocity  of  the  upper 
particles  to  the  underlying  layers  in  succession.  If  this  i.s  continued  long  enough, 
the  velocity  of  the  lowest  layers  wiU  equal  within  a  fraction  that  of  the  upper  layer. 
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torn,  say  to  2,000  fathoms,  were  the  winds  to  blow  without  intermission 
in  one  direction  daring  that  tinio,  with  the  average  power  they  Jire 
known  to  possess.* 

We  may  imagine  the  whole  of  the  mass  of  the  Atlantic  within  the 
belt  of  the  trade  winds  to  be  moving  in  a  westerly  direction  and  im- 
pinging upon  the  continental  sl()i)e  of  8outh  Ainerica,t  and  upon 
the  Windward  Islands,  at  which  ]>oint  it  is  deflected  either  in  a  south- 
erly or  northerly  direction  or  forces  its  way  into  the  Caribbean.  In 
our  present  state  of  knowledge  it  is  difficult  to  trace  the  path  of  the 
equatorial  water  as  it  is  forced  into  the  eastern  Caribbean.  Com- 
mander Bartlett  supposes  that  it  is  warmed  in  the  Caribbean  by  circu- 
lating round  the  whole  basin.  The  water  which  is  swept  into  the 
Caribbean  by  the  trade  winds  through  the  passages  between  the  Wind- 
ward Islands  and,  being  then  driven  into  tlie  Old  Bahama  Channel 
funnel,  flows  through  the  Windward  Passage,  represents  a  far  greater 
mass  than  that  which  can  find  its  way  into  the  Gulf  of  Mexico  through 
the  Straits  of  Yucatan  or  that  of  the  stream  flowing  north  through  the 
Straits  of  Bemini.  This  is  the  actual  Gulf  Stream,  a  body  of  super- 
heated water  filling  the  whole  straits;  it  has  an  average  depth  of  about 
350  fathoms  and  a  velocity  extending  to  the  bottom  of  at  least  3i  miles 
an  hour.f 

The  section  of  the  Yucatan  Channel  is  too  small  to  allow  for  an  out- 
flow equal  to  the  inflow  into  the  Caribbean,§  so  that,  after  the  trades 
have  ceased  to  force  the  equatorial  water  into  the  Caribbean  basins,  it 
must  remain  there  a  considerable  length  of  time  before  it  passes  into 
the  Gulf  of  Mexico,  where,  owing  to  similar  differences  between  the 
rate  of  inflow  and  outflow,  the  water  must  still  become  more  super- 
heated. 

We  must  therefore  consider  the  Gulf  Stream  proper,  as  it  emerges 
from  the  Straits  of  Bemini,  as  an  immense  body  of  super-heated  water 


*  It  is  therefore  possible  that  currents  which  owe  their  existence  to  causes  that 
have  been  modihed  to  a  certain  extent  should  still  exist  in  the  ocean  long  after  the 
conditions  producing  them  (aotiug  from  the  surface)  have  ceased  to  be  effective  by 
any  break  of  continuity  due  to  the  iuterposition  of  islands  or  of  banks  in  the  track 
of  oceanic  currents. 

tDid  the  Gulf  Stream  not  meet  continental  masses,  it  would  simply  expand  north 
and  south,  losing  its  initial  velocity,  and  gradually  cool  down  towards  the  poh«, 
the  cold  penetrating  all  the  deeper  portions  of  the  ocean,  just  as  we  find  it  reaching 
the  higher  Hummits  that  rise  above  the  line  of  peqictual  snow. 

t Current  observations  taken  by  Mitchell  off  the  coast  of  Cuba,  in  the  deep  part 
of  the  Gulf  Stream,  show  that  it  has  a  nearly  uniform  and  constant  velocity  for  a 
depth  of  600  fathoms,  although  the  temperature  varies  40^  F. 

J  A  part  of  this  water  emerges  again  at  a  higher  temi)erature  between  Guade- 
loupe and  Haiti  and  joins  that  portion  of  the  equatorial  current  which  lintla  its  way 
into  the  Windward  Passage.  This  increased  temi»erature  may  bo  due  to  its  pass- 
ing over  shoals  and  banks  at  the  northeastern  end  of  the  eastern  basin  of  the 
Caribbean. 
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retaining  an  initial  velocity  which  originated  in  lower  latitudes,  then 
losing  both  its  velocity  and  its  heat  on  its  way  north.* 

The  Straits  of  Florida  have  a  width  of  about  48  miles  between  Jupi- 
ter Inlet  and  Memory  Eock ;  the  greatest  depth  is  439  fathoms,  and  the 
cross-section  430,000,000  square  feet.  At  three  knots,  the  delivery  would 
be,  as  calculated  by  Commander  Bartlett  about  436,000,000,000,000 
tons  a  day,  an  amount  of  warm  water  far  less  than  we  find  over  the 
North  Atlantic,  which,  as  has  been  shown,  is  derived  from  the  western 
set  of  the  equatorial  current,  joining  the  Gulf  Stream  in  its  way  towards 
European  shores.t    (See  Figs.  1-6.) 

Commander  Bartlett  thus  describes  the  general  course  of  the  Gulf 
Stream : 

^*  The  Gulf  Stream  has  for  its  western  bank  the  100-fathom  curve  as 
far  as  Cape  Hatteras.  It  has  a  depth  of  400  fathoms  as  far  as  Charles- 
ton, where  it  is  reduced  to  300  fathoms;  but  the  Arctic  current  has  for 
its  western  bank  the  1,000-fathom  curve,  which  is  (^tiite  close  to  shoal 
water  from  the  George's  Bank  to  Hatteras. 

"  The  average  surface  temperatui*e  in  the  axis  of  the  stream  rarely 
exceeded  83^  F.  in  June  and  July.  On  one  or  two  occasions  the  ther- 
mometer read  as  high  as  8(P  and  once  89° ;  but  it  was  at  high  noon  in 
a  dead  calm.  The  temperature  at  5  fathoms  did  not  range  above  the 
average  of  81  j^. 

'^  The  increase  of  t^.mperature  of  the  surface  was  found  as  we  entered 
the  current.  -  -  - 

"  The  surface  temperatures  did  not  indicate  a  cold  wall  inside  of  the 
stream  and  the  water  inside  of  the  100-fathom  line  to  the  shore  seemed 
to  be  an  overflow  of  the  stream,  as  the  temperatures  to  5,  10,  and  15 
fathoms  were  nearly  as  high  as  those  found  in  the  stream. 

"  The  temperatures  at  the  bottom  in  the  stream,  at  corresponding 
depths,  were  the  same  as  those  found  in  the  Windward  Passage,  and 

*  Between  Halifax  and  the  Bermndas^  the  section  of  the  Gulf  Stream  observed 
by  the  Challenger  was  cooled  1^  C,  as  compared  with  that  of  the  Bermudas  to 
New  York.  The  Gulf  Stream  retains  its  heat  as  a  surface  current  as  long  as  the 
temperature  is  sufficiently  high  to  make  it  lighter  than  the  surnmnding  wat«r. 
It«  greater  salinity  causes  it  to  sink  below  the  comparatively  fresher  water  of 
northern  latitudes.  Similarly,  the  Arctic  current,  when  it  reaches  a  certain  latitude 
along  our  eastern  coast,  sinks  from  its  greater  specific  gravity  below  the  warmer 
surface  currents  and  continues  its  way  south  as  an  undercurrent  of  cold  water. 

t  It  might,  perhaps,  be  advisable  to  distinguish  between  the  eastern  extension  of 
the  Gulf  Stream,  combined  with  the  Atlantic  drift,  and  the  Gulf  Stream  proper,  un- 
derstanding by  the  latter  the  water  which  passes  through  the  Florida  Straits. 
This  has  been  called  by  Petermann  the  Florida  Stream ;  aud  the  name  of  Gulf  Strcjim 
has  been  applied  to  the  vast  body  of  warm  water  which  super-heats  the  basin  c»f 
the  Eastern  Atlantic  to  the  eastward  oY  45^  west  longitude.  There  seems  to  be  no 
reason  for  changing  the  name  of  the  Gulf  Stream  beeniisc  so  many  other  liberties 
have  been  taken  with  it.  We  should  retain  the  original  name,  limiting  it  to  the 
Florida  Stream  coming  from  the  Gulf  of  Mexico  and  applying  to  its  eastern  exteusion, 
in  connection  with  the  Atlantic  easterly  drift,  some  new  name,  such  as  Equatorial 
Drift  or  the  Caribbean  Stream. 
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in  the  course  of  the  current  to  the  Yucatan  Passage.  The  average 
bottom  temperature  at  400  fathoms  was  45^,  and,  as  oflf  Charleston,*  in 
300  fathoms,  53o.  The  temperature  at  300  fathoms,  off  the  George's 
Bank,  was  found  in  July  to  be  40^5  and  this  last  was  the  temperature 
that  we  found  at  the  same  depth  just  north  of  Hatteras  and  the  Gulf 
Stream. 

"  I  have  8tate<i  that  the  surface  temperatures  did  not  show  a  cold 
wall  inside  the  stream;  but  the  bottom  temperatui^es  give  a  narrow 
cold  section  close  to  the  100-fathom  curve  all  along  the  course  of  the 
stream  from  Hatteras  to  Florida.  Soon  after  leaving  the  Straits  of 
Florida  there  is  a  division  of  the  stream  shown  by  the  bottom  temper- 
atures, part  following  the  coast  and  the  remainder  branching  off  to  the 
eastward.  -  -  • 

"We  found  that  3  knots  was  a  general  average  to  allow  for  the  whole 
stream.  This  would  give  a  greater  velocity'  at  some  central  point.  Be- 
tween the  Bahamas  and  Florida  the  average  was  exactly  3  miles  per 
hour;  but  for  a  distance  of  15  miles  in  the  axis  of  the  stream  it  was  as 
high  as  5.4  miles  per  hour.  To  the  northward  of  the  Bahama  banks, 
and  to  the  eastward  of  the  stream,  there  was  a  slight  current  setting 
southeast.  We  found  the  direction  of  the  current  in  the  stream  very 
much  affected  by  the  wind,  sometimes  inclining  it  to  the  east,  then  to 
the  west.t 

"In  the  latter  part  of  June,  1881,  we  were  hove  to,  some  50  miles  ea«t 
of  the  Gulf  Stream,  off  Charleston,  where  we  experienced  a  current  of  3 
miles  per  hour,  setting  southeast;  wind  blowing  a  gale  from  southwestf 

"The  sudden  rise  of  the  plateau  off  Charleston,  together,  probably, 
with  the  meeting  of  the  arctic  and  warm  currents,  creates  a  remarkable 
disturbance  at  this  point.     -     -    - 


'About  80  miles  from  CharloHton  a  line  was  run  parallel  to  the  coast,  along  the 
axis  of  the  Gulf  Stream. 
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f  Inshore  of  the  Gulf  Stream,  though  a  southerly  current  was  distinctly  traced  in- 
side the  100-fathom  line,  yet  the  temperature  of  the  water  towards  the  shore  was 
bnt  little  cooler  than  that  of  the  stream  itself;  the  same  is  found  to  be  the  case  if 
we  examine  the  temperature  sections  of  the  eastern  edge  of  the  (Julf  Stream.  The 
stream  itself  seems  to  he  mainly  characterized  by  its  velocity  and  by  i<8  color. 

tOn  the  southern  side  of  the  Gulf  Stream  Commander  Bartlett  «»bserved  immense 
quantities  of  gulf- weed ;  this  is  also  blown  into  Xarragansctt  Bay  in  cousidorablo 
quantities,  covered  with  clusters  of  floating  barnacles. 
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206  THE    GULF    STREAM. 

"We  crossed  the  stream  six  times  in  this  locality,  under  conditions 
of  weather  from  a  calm  to  a  strong  breeze,  and  always  crossed,  near  the 
center  of  the  stream,  bands  of  rippling  water  several  miles  in  width. 
It  is  very  like  the  rip  at  the  entrance  to  Long  Island  Sound." 

The  Gulf  stream  flows  at  the  rate  of  about  one-fourth  of  a  anile  an 
hour  through  the  Yucatan  Channel,  which  is  90  miles  wide  and  over  1,000 
fathoms  deep.  Through  the  Straits  of  Bemini  it  has  a  velocity  of  from 
4  to  5  knots,  a  width  of  50  miles,  and  an  average  depth  of  350  fathoms. 
This  velocity  rapidly  decreases  as  we  go  north.  Off  St.  Augustine 
it  is  rarely  more  than  4  miles;  from  there  to  New  York  it  decreases 
to  2^  miles  per  hour;  off  the  banks  of  Newfoundland  it  is  reduced  to 
1^  or  1  miles;  and  at  a  distance  of  300  miles  to  the  eastward  the  velocity 
of  the  Gulf  Stream,  which  has  constantly  been  spreading  out  fan- 
shaped,  is  scarcely  perceptible. 

As  far  as  the  current  observations  of  the  Blake  may  be  trusted,  they 
indicate  a  greater  speed  in  the  axis  of  the  Gulf  Stream  than  along  its 
edges — a  velocity  varying  between  2  miles  an  hour,  or  even  less,  and 
fully  5  miles.  The  width  of  the  stream  off  the  east  coast  south  of  Hat- 
teras  varies  from  50  to  nearly  100  miles. 

The  observations  of  the  BlaJce  show  that  the  bottom  of  the  Gulf 
stream  along  the  Blake  Plateau  is  swept  clean  of  slime  and  ooze,  and 
is  nearly  barren  of  animal  life. 
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ON  THE  ABSOLUTE  MEASUREMENT  OF  HARDNESS.* 


By  F.  AUEEBACH. 
TraoBlated  by  Carl  Barus. 


Hardness,  aside  from  its  practical  importance,  is  one  of  the  most 
remarkable  properties  of  solid  matter.  This  is  shown  at  once  by  the 
difficulties  which  have  been. encountered  in  the  endeavor  to  arrive  at 
an  accurate  interpretation  of  it.  Indeed,  the  attempts  to  solve  questions 
relating  to  hardness  are  of  very  great  variety,  and  are  exceptionally  large 
in  number,  and  they  have  in  a  measure  led  to  some  interesting  results; 
but  the  subject  in  its  broader  bearings  has  not  yet  been  attacked  with 
success,  nor  has  a  rigorous  definition  of  hardness  been  established. 
Problems  which  present  themselves  in  dealing  with  any  of  the  physical 
properties  of  a  body  may  usually  be  divided  into  three  sub-problems: 
The  first  among  these  includes  the  scientifically  exact  description  of  the 
conception  in  question,  so  that  the  property  may  henceforth  be  treated 
as  a  purely  mathematical  variable.  Then  this  quantity  is  to  be  meas- 
ured, and  methods  and  ai>paratus  must  be  deviled  for  that  purpose. 
Finally,  the  measurements  are  themselves  to  be  generalized  by  being 
extended  to  as  many  bodies  under  as  many  different  circumstances  as 
possible.  At  the  outset,  however,  it  is  by  no  means  necessary  that  the 
procedure  adoi)ted  should  be  so  simple  as  to  be  of  immediate  practical 
utility.  As  a  rule  this  will  only  be  attained  at  a  much  later  stage  of 
the  research.  The  chief  aim  at  the  beginning  is  to  work  forward  from 
some  theoretically  perfect  basis,  and  to  so  fashion  the  methods  that  the 
end  in  view  may  be  reached  with  a  reasonable  degree  of  accuracy  as 
well  as  certainty.  To  within  a  few  years  none  of  the  three  sub-problems 
which  I  have  mentioned  can  be  said  to  have  been  solved.  To  Hertz 
belongs  the  credit  of  being  the  first  to  push  the  question  to  an  issue. 
His  ingenious  reasoning  is  particularly  fortunate,  inasmuch  as  it  har- 
monizes the  general  conception  of  hardness  and  the  earlier  definitions 
which  were  given  of  it  in  all  essential  and  necessary  points  and  to  the 
exclusion  of  errors  of  principle  and  vagueness.  Taking  Hertz's  con- 
clusions as  a  point  of  departure,  I  believe  I  have  solved  the  second  of 
the  sub-problems,  and  in  the  present  paper  submit  a  method,  which  (with 


'From  the  Annalen  der  Phyeik  und  Chemicy  Aprils  1891;  (new  series)  vol.  xlui,  pp. 
61-100. 
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the  exception  of  a  siugle  point  as  yet  in  need  of  farther  elucidation), 
seems  to  lead  to  satisfactory  results,  both  from  a  theoretical  and  a 
practical  point  of  view.  My  paper  is  therefore  divided  into  the  follow- 
ing parts : 

$  1.  A  review  of  the  earlier  work. 
^  2.  The  theory,  in  so  far  as  it  enters  into  my  work. 
^  3.  The  method  in  /general. 
J  4.  The  description  of  the  apparatns. 
^  5.  General  remarks  on  the  observations. 
^  6.  The  constants  and  the  sonrcca  of  error. 
$  7.  The  experimental  verification  of  tho  method. 

^  8.  The  measnrement  of  the  elasticity  and  the  hardness  of  certain  sub- 
stances. 

With  reference  to  the  last  I  will  state  at  once  that  the  data  are  given 
solely  with  the  object  of  evidencing  the  utility  and  accuracy  of  the 
method.  They  show  to  what  degree  the  second  sub-problem  has  been 
solved.  Systematic  work  relative  to  the  third  sub-problem,  as  well  as^ 
many  investigations  which  the  present  paper  suggests  or  implies,  I  have 
reserved  for  future  communications. 

I.  A  REVIEW  OF  THE  EARLIER  WORK. 

Kelative  to  the  deflnition  and  the  measurement  of  any  physical 
quantity  like  hardness,  the  observer  may  proceed  from  three  points 
in  view.  He  may  only  wish  to  find  out  whether  the  hardness  of  any 
given  body  is  greater  or  less  than  the  hardness  of  another  given 
body;  and  he  may  therefore  be  satistied  with  a  typical  series,  any  mem- 
ber of  which  is  conventionally  harder  than  the  preceding  and  softer 
than  the  succeeding  body.  The  elements  of  such  a  series  may  even  be 
numbered;  but  the  numbers  are  obviously  not  significant  quantities. 
Furthermore,  if  even  these  members  are  reliable  it  is  clearly  t^)  be 
shown  (1)  whether  if -B  be  harder  than  A,  A  is  always  necessarily  less 
hard,  than  B-,  (2)  if  when  C  is  harder  than  B  and  B  harder  than  A^  C 
is  always  harder  than  A.  In  the  case  of  many  x)hysical  jiroperties  these 
conditions  do  not  hold,  or  do  not  hold  at  least  for  all  substances;  and 
it  is,  therefore,  not  generally  i)ossible  to  classify  bodies  in  a  scale  of  the 
kind  in  question.  Only  aftc»r  these  fundamental  conditions  have  been 
fixed  in  principle,  is  it  permissible  to  make  the  second  step,  namely,  to 
replace  the  more  or  less  arbitrary  members  in  the  scale  of  hardness,  by 
data  which  actually  measure  the  propeily,  and  which  therefore,  for  any 
two  bodies,  will  express  the  hardness  ratio.  The  scale  so  obtained  is 
relative,  and  the  term  of  comparison  conventionally  chosen.  Thus,  for 
instance,  the  hardness  in  a  given  definite  body  may  be  taken  as  the  unit. 
But  here  again  it  is  necessary  to  reflect  that  the  data  may  difler  not  only 
as  to  their  aetual  value,  but  in  their  relations,  depending  as  they  must 
on  the  experimental  method  by  which  they  were  obtained.  Only  the 
final  or  absolute  method  is,  therefore,  always  satisfactory,  for  here  the 
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hardness  of  each  sabstauce  is  expressed,  irrespective  of  other  substances 
and  without  reference  to  a  normal  body,  in  terms  of  the  fundamental 
units  of  physics. 

The  method  of  rating  hardness  by  scratching  is  best  known  and 
most  generally  applied.  One  body  is  harder  than  another,  if  a  point 
or  sharp  edge  of  the  former  is  capable  of  scratching  a  plane  over  face 
of  the  latter.  Of  the  two  conditions  which  make  an  arbitrary  scale 
possible  in  this  case,  the  first  is  approximately  given,  to  the  extent 
only  that  the  differences  of  hardness  to  be  rated  are  in  any  two  bodies 
marked.  If  this  differences  is  small,  it  is  usually  found  that  a  sharp 
edge  of  either  will  scratch  a  plane  surface  of  the  other.  It  is  custo- 
mary to  refer  this  discrepancy  to  the  sensitiveness  of  the  method. 
The  two  bodies  are  flatly  pronounced  equally  hard,  and  since  the  sec- 
ond of  the  conditions  above  given  is  also  borne  out  by  all  the  cases 
hitherto  tested,  a  rough  scale  of  hardness  is  thus  feasible.  The  first 
investigator  who  made  use  of  such  a  scale,  Hauy,  confined  his  work 
to  four  stei)s.  They  were  limited  by  calcite,  glass,  and  quartz.  Mohs 
increased  the  number  of  steps  to  ten,  and  although  later  mineralogists, 
believing  some  of  the  steps  dlsprox)ortionately  large,  have  inserted 
intermediate  degrees,  the  IVlohs  scale  has  in  general  been  retained  to  the 
present  day.  Indeed  the  justice  of  this  is  apparent,  for  in  view  of 
the  absence  of  any  means  of  even  approximately  defining  the  relative 
values  of  the  successive  degrees,  all  attempts  to  reduce  them  in  size 
would,  in  the  long  run,  rather  be  productive  of  error  than  of  increased 
accuracy. 

The  first  attempt  at  measurement  was  made  by  Frankenheim,*  who 
estimated  the  hand  pressure  under  which  a  given  hard  point  or  stylus 
leaves  a  scratch  on  the  surface  to  be  tested.  But  instruments  by  which 
this  pressure  or  the  depth  of  penetration  of  the  stylus  is  actually  regis- 
tered were  not  invented  till  much  later.  They  are  due,  respectively,  to 
Seebeckjt  Franz,t  Grailich  and  PekArek,§  F.  Exner,||  Pfaff,1T  Turner,** 
and  others,  and  have  been  called  "sklerometers."  The  results  obtained 
by  these  forms  of  apparatus,  as  Exner  himself  admits,  are  not  of  the 
nature  of  measurements,  for  all  true  measurements  of  an  unknown 
quantity  determine  the  latter  by  inclosing  it  between  well-defined 
limits,  and  it  is  by  the  distance  ai)art  of  these  limits  that  the  accuracy 
of  the  method  is  conditioned.  Sklerometers  however  are  capable  of 
furnishing  only  an  upper  limit.    The  lower  limit  is  left  to  conjecture. 

*Fraukeiiheiin:  De  coho'sionef  etc.,  Inaug.  Diss.,  Breslau,  1829. 
tSeebeck:  Progr.  Coin.  Real-Gymn.,  1883. 

I  Franz:  De  lapidarum  duriiute  Iiiaug.  Diss.,  Bonn,  1850;  Pogg.  Ann.,  vol.  lxxx, 
1850,  p.  37. 

$  Grailich  u.  Pakiirek :   Wien.  Ber.,  vol.  xiii,  1854,  p.  410. 

II  F.  Exner:   Uniers  Uber  d.  Hdrte  an  Krystalljldchen,  Wieu,  1873. 

1[  Pfaff :  Munch  Ber.,  1883,  pp.  55, 372.     Pfaff 's  invariable  u»e  of  the  term  ''absolute 
hardness^'  is  quite  unjiiMtifiable.     His  data  are  relative  at  best." 
••Turner:  Proc.  Birm.  Phil  Soc.  1887,  vol.  v  (2). 
H.  Mis.  334,  pt.  1 U 
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Seebeck's  only  advance  on  Frankenheim  is  a  transfer  of  judgment  from 
tlie  hand  to  the  eye,  the  latter  being  confessedly  more  skillful  in  mak- 
ing estimates.  At  best,  however,  the  method  thus  established  en- 
counters the  following  serious  disadvantages.  In  the  first  place,  the 
results  obtained  depend  on  a  variety  of  minor  conditions,  foremost 
among  which  is  the  nature  of  the  material  out  of  which  the  stylus  is 
made.  Steel  is  most  generally  used,  but  steel  can  not  be  exa<^.tly 
defined,  and  therefore  the  observer  has  no  right  to  assume  that  his 
stylus  is  a  body  of  fixed  properties.  Moreover,  the  necessity  of  using 
both  hard  and  soft  steel  in  the  apparatus  introduces  a  further  compli- 
cation, but,  as  a  matter  of  fact,  when  a  hard  steel  stylus  is  applied  to  a 
soft  body  the  pressure  under  which  the  stylus  moves  must  be  reduced 
below  the  limit  of  measurement,  whereas  hard  bodies  are  only  scratched 
by  hard  steel.  Franz  used  both  a  steel  and  a  diamond  point,  and 
endeavored  to  c4>-ordinate  the  results  of  the  two  by  measuring  the 
hardness  of  a  given  suitable  body  in  terms  of  eiu^h  stylus.  It  is  true 
that  the  numbers  obtained  in  the  two  series  of  experiments  show  a 
constant  ratio  (ccet.  par.),  but  it  does  not  follow  that  this  would  always 
be  the  case,  and  it  is  quite  improbable  for  large  intervals  of  hardness. 

The  second  difficulty  encountered  is  the  dependence  of  the  results  of 
the  sklerometer  on  the  degree  of  sharpness  of  the  marking  stylus.  None 
of  the  above  papers  touch  upon  this  matter,  nor  would  it  be  possible  for 
them  to  estimate  this  effect.  Yet  it  is  quite  obvious  that  the  pencils  of 
different  apparatus  can  not  have  been  identically  sharpened,  and  that 
the  pencil  of  the  same  apparatus  will  soon  become  blunted  by  continued 
use.  Measurements  into  which  this  serious  discrepancy  necessarily 
enters  cannot  therefore  be  comparable  among  themselves.  Finally, 
the  modus  operandi,  the  veh)city  of  the  moving  stylus  and  the  direc- 
tion of  the  pressures  are  to  be  considered,  and  in  some  of  the  above 
papers  hints  relative  to  these  x)oints(  motion,  position,  and  inclination  of 
pencil)  are  explicitly  given.  Barnes  and  Perlsin,  however,  first  showed 
that  the  effect  producible  by  varying  the  rate  of  motion  of  the  stylus 
is  so  great  as  to  be  actually  capable  of  inverting  the  data  for  hardness. 
Indeed,  it  has  since  become  well  known  that  the  edge  of  a  rapidly  rotat- 
ing, relatively  soft  disc  is  scarcely  touched  by  a  file  or  a  lathe  tool,  and 
that  if  the  motion  be  rapid  enough,  it  is  the  tool  which  suffers  most. 
Nor  is  this  phenomenon  to  be  referred  to  an  eff*eet  of  temperature,  for  it 
finds  its  full  explanation  in  consideration  with  the  rates  of  motion  to 
which  it  is  due.  The  hardest  cast  ir<m  can  be  turned  oft*  with  a  steel 
tool  at  a  velocity  as  high  as  2  meters  per  second  of  the  moving  parts. 

I  am  thus  naturally  led  to  the  important  question,  whether  the  defi- 
nition of  hardness  given  by  the  sklerometer  is  correct  in  principle.  I 
believe  this  is  by  no  means  the  case.  Quite  aside  fn)m  the  serious  prac- 
tical difficulties  which  1  have  just  summarized,  it  seems  to  me  that 
hardness  when  determined  by  scrati'hing  is  much  too  coin[)lex  a  concep- 
tion to  be  used  as  a  basis  for  the  definition  of  the  property.    Compli- 
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cations  are  introduced  by  the  motional  phenomena,  the  lateral  sheer 
which  accompanies  scratching,  and  in  short  by  conditions  which  have 
nothing  to  do  with  hardness  at  all.  It  is  easy  to  imagine  how  the 
method  originated,  for  the  test«  mast  primarily  have  been  made  to  find 
out  whether  the  point  was  capable  of  puncturing  the  surface;  but 
inasmuch  as  a  puncture  is  not  easily  recognized,  the  passage  was  made 
from  the  point  to  the  scratched  line.  The  static  method  is,  in  fact,  much 
older  than  the  dynamic  method  of  rating  hardness.  If  therefore  the 
static  method  is  sufficient  (and  this  will  be  shown  below)  to  define  hard- 
ness as  a  characteristic,  independent,  and  clearly  intelligible  property 
of  bodies,  it  is  worse  than  superfluous  to  introduce  processes  by  which 
the  result  can  only  be  complicated.  1  do  not  mean  to  imply,  of  course, 
that  the  method  of  scratching  has  been  fruitless.  It  has  conquered  its 
own  ground.  Thus,  for  instance,  the  gradual  change  of  hardness  at 
points  within  a  given  surface  of  a  crystal  is  among  the  striking  accom- 
plishments within  the  reach  of  the  method;  but  we  can  only  arrive  at 
a  clear  knowledge  of  the  meaning  of  such  observations  after  having 
solved  the  static  problem  of  hardness  and  then  noting  the  additional 
circumstances  introduced,  when  we  pass  from  the  dent  to  the  scratch. 
Begarded  as  practical  method  of  quiet  interpolation,  scratching  must 
retain  a  value  which  can  only  be  enhanced  by  giving  clear  interpreta- 
tions to  the  nature  of  the  process,  and  the  discrepancies  which  I  have 
pointed  out  *  need  not  then  be  apprehended. 

Under  the  circumstances  I  am  inclined  to  regard  it  as  a  step  in  the 
right  direction,  that  the  static  method  (static  because  motion  is 
excluded)  has  recently  again  been  taken  up  by  a  number  of  observers. 
Among  these  Crace-Cal vert  and  Johnson,  Hugueny,t  Bottone,t  and  also 
Pfaft*§  may  be  mentioned.  In  this  class  of  apparatus  a  hard  point  is 
pressed  or  struck  or  drilled  into  the  body  to  be  measured,  and  the  hard- 
ness is  variously  measured  relative  to  given  depths  of  penetration. 
This  may  be  done  by  noting  the  weight  necessary  to  sink  the  stylus  or 
by  the  number  of  rotations  of  a  definitely  weighted  needle  (PfaflPs  me- 
so-sklerometer).  Again,  the  depth  to  which  the  stylus  sinks  for  a  given 
weight  or  even  the  time  necessary  to  produce  a  given  depth  of  impresr 
sion  have  been  used  for  registry.  Here  however  it  is  cleiir  at  once 
that  these  methods  are  intrinsically  different,  and  that  far-fetched 
assumptions  must  be  made  relatively  to  the  proi>ortionality  of  hardnesa 
with  the  divers  data  obtained, — assumptions  which  need  not  even  be 
approximately  true.  Furthermore,  the  body  to  which  these  different 
tests  are  applied  is  necessarily  acted  on  in  a  state  of  strain,  if  not  ac- 


•  Hugneny  (see  below),  to  whom  similar  considerations  are  due,  takes  account  of 
three  kinds  of  hardness,  one  "tangential'*  and  the  other  two  "  normal." 

t  Hugueny:  Reck,  Exp,  sur  la  dareU  des  corps j  Paris,  1865.  Cf.  Ber.  de  Straab.y  Gch., 
1865. 

X  Bottone :  Sill.  Journ,y  1873,  p.  457 ;  Pogg.  Ann,,  1873,  vol.  150,  p.  644. 

4  Pfaflf :  ,  MUnch.  Ber,,  1884,  p.  255. 
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tually  ruptured  at  tbe  point  of  observation.  At  the  time  and  place  of 
measurement  the  body  necessarily  differs  from  the  original  body.  Thus 
it  appears  that  the  results  of  such  methods  are  not  available. 

With  the  object  of  corroborating  the  above  remarks  I  will  exhibit  two 
typical  series  of  data  from  the  papers  of  Franz  and  of  Pfaff  (the  latter 
obtained  by  means  of  the  raeso-sklerometer  already  referred  to),  choos- 
ing such  substances  as  are  sufficiently  definite  for  comparison.  In  the 
first  table  the  numbers  for  gypsum  are  ma<le  identical;  in  the  second 
the  same  is  done  for  corundum,  the  respective  ratios  being  retained  in 
both  cases. 


IUmIv 


Gypsum  identically  hard. 

.  Franz.  I  Pfali'.  I  Ratio.  I 


Ci>rimduin  ideutirally  hard. 
Itody.  Franx.     Tfaff.  |  lUtio. 


Gypsum 6 

Calcite 36 

Fluorite 144 

Apatite 052 

Feldspar 1, 040 

Quartz 1,770 

Topaz 2, 230 

Corundum 2, 650 


6 

8  ' 
20 
38 

lor.  ; 

16U 
240 
340 


4.5 

7 
15 
10 
11 

0 

8 


(.'oruudiim . 
Topaz  . 


340  ' 

298  I 


Quartz 228  I 


Feldspar. 
Apatite.. 
Fluorit4. 
Calcite. . . 
Gyp8uui . 


134  I 
84 
19 


340 
240 
160  I 
105  ' 

lis  I 

2(1 


1.0 
1.2 
1.4 
1.3 
2.2 
0.9 
0.6 
0.2 


Mere  inspection  of  the  table  shows  that  the  ratios  of  hardness* 
run  as  high  as  15  in  the  first  table,  and  fluctuate  between  2.2  and  0.2 
in  the  second. 

It  has  already  been  stated  that  Hertzt  investigated  a  definition  of 
hardness  which  is  mathematically  exact,  and  which  does  not  conflict 
with  the  prevailing  notions  of  the  quality.  He  replaces  the  indefinite 
point  by  a  definite  spherical  surface;  or,  to  state  this  more  correctly, 
since  the  point  is  after  all  a  spherical  surface  of  very  small  radius. 
Hertz  uses  a  stylus  with  a  radius  of  curvature  large  enough  to  be 
measurable.  Moreover,  the  material  out  of  which  the  stylus  (now  a 
ball)  is  to  be  made,  virtually  does  not  at  all  enter  into  the  problem.  A 
body  may  therefore  be  tested  for  hardness  by  aid  of  a  probe  made  of 
its  own  substance  and  the  result  is  in  no  way  dependent  on  vague 
properties  of  a  foreign  body.  Finally,  the  body  to  be  examined  is  not 
subjected  to  any  permanent  strain  (set),  but  all  operations  are  con- 
ducted within  the  limits  of  elasticity.  The  definition  of  hardness 
thus  obtained  takes  tlie  following  general  form:  Hardness  is  the  limit- 
ing elastic  resistance  (tenacity)  of  a  body,  in  case  of  contact  of  one  of 
its  plane  surfaces  with  the  spherical  surface  of  another  body,  thus 
all  vagueness  of  conception  has  been  removed,  and  hardness  is  tersely 

*  similarly  onormous  variations  of  the  ratios  for  metals  may  l»e  obtained  from  the 
series  of  Bottone  and  Hugueny  (Cu  ^100,  Ni--^1()4  to  r^H,  Pt— 81  to  InO,  Pb^42  to 
9,  etc). 

t Hertz:  I'erh.  Iktl.phyH.  (io*,^  1882,  p.  67;  Vvrh,  d,  Ver.  z.  F.  rf.,  Oewerbefl.,  1882, 
1».  141, 
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classified  with  the  allied  properties  encountered  in  ease  of  tension,  flex- 
ure, etc.  It  is  of  course  necessary  to  go  into  furtlier  detail,  in  par- 
ticular to  determine  how  pressure  is  distributed  and  varies  within  the 
surface  of  contact,  for  upon  these  conditions  tlie  effects  of  stress  and 
the  resistance  of  the  material  will  depend.  The  solution  of  this  problem 
has  enabled  Ilertz*  to  propound  a  fundamental  principle.  In  his 
attempt  to  verify  his  theory  experimentally  Hertz  was  however  much 
less  successful,  and  as  a  consequence  soon  abandoned  the  work.  The 
only  data  which  he  adduced  refer  to  glass,  and  his  results  for  hard- 
ness were : 

Kg.  /  mm'. 

Pressure  of  a  hard  steel  lens  agamst  plate  glass 135 

Impact  of  two  glass  balls 150 

Pressure  of  two  thin  glass  rods 190 

Thus  the  data  obtained  are  not  satisfactorily  constant.  Moreover, 
my  results  show  that  not  more  than  the  third  or  fourth  part  of  the  dis- 
crepancies observed  are  referable  to  the  material.  Differences,  there- 
fore, necessarily  remain.  It  would  be  inexpedient  to  attempt  to  account 
for  them  here,  chiefly  because  the  number  of  experiments  made  is  much 
too  small  relatively  to  the  conditions  (form,  material,  stress,  impact, 
etc.),  under  which  the  results  were  obtained.  Nor  has  Hertz  given  a 
sufficiently  detailed  statement  of  the  dimensions  of  the  bodies  exam- 
ined. 

II.  THEORY. 

The  pressureless  contact  between  a  sphere  and  a  plane  is  a  point. 
If  pressure  be  applied  at  the  center  of  the  sphere,  normally,  both  sur- 
faces will  change  form  near  the  point  in  question,  until  the  strain  has 
reached  a  given  value.  In  other  words>  the  sphere  will  be  flattened 
and  the  plane  curved,  and  the  original  point  is  now  replaced  by  a  sur- 
face of  contact.  I  shall  call  this  the  impressed  surface  or  area  (Druch- 
flache).  It  is  neither  plane  nor  of  the  curvature  of  the  sphere;  but  the 
radius  will  obviously  lie  somewhere  l)etween  these  limiting  values,  and 
will  depend  (c€et.2)ar.)  on  the  elastic  properties  of  the  two  contiguous 
bodies.  Furthermore*,  under  the  conditions  stated,  the  impressed  area 
is  clearly  circumscribed  by  a  circle. 

If  pressure  a(*.ting  normally  through  the  center  of  the  sphere  is 
increased  the  impressed  surface  will  also  increase  in  size,  and  the  pres- 
sure is  now  brought  to  bear  on  a  larger  surface.  But  the  strain  to  which 
thematerialisput  will  depend  on  the  stress  per  uuitof  impressed  surfiBk5e, 
and  we  are  thus  led  to  inquire  as  to  the  law  compatible  with  which  the 
pressure  per  unit  of  area  increases  with  the  total  pressure,  for  ob- 
viously both  magnitudes  must  increase  simultaneously.  It  is  also 
easily  seen  that  the  relation  between  total  pressure  and  pressure  per 
unit  of  the  impressed  surfa<*e  is  closely  allied  with  the  relation  of  total 

•Hertz:  Crelle's  Journal  1882,  vol.  xcii,  p.  156. 
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pressure  to  the  increase  of  the  impressed  surface  or  area  of  contact. 
Kow  Hertz's  theory  shows  the  raclius  of  the  latter  to  increase  propor- 
tionally to  the  cube  root  of  the  total  pressure  applied,  and  hence  the 
impressed  area  will  increase  as  the  two-thirds  power  of  total  pressure. 
To  this  degree,  therefore,  the  effect  of  total  pressure  is  abortive;  and  in 
view  of  the  enlargement  of  the  impressed  area  stress  per  unit  of  area 
increases  only  as  the  cube  root  of  the  total  stress.  Furthermore,  the 
manner  in  which  pressure  is  distributed  throughout  the  surface  of  con- 
tact is  fully  given  by  the  theory.  It  is  found  that  at  any  given  time 
pressure  decreases  gradually  from  the  center  of  the  area  towards  its 
boundary  where  stress  is  necessarily  zero,  in  accordance  with  the 
expression 

where  h  is  the  fraction  of  the  total  radius  of  the  impressed  area  by 
which  any  of  its  points  is  symmetrically  located  relatively  to  the  cen- 
ter. The  reference  roughly  made  above  to  pressure  per  unit  area  is, 
therefore,  of  the  nature  of  a  mean  value;  and  the  maximum  pressure  at 
the  center  of  area  is  related  to  the  mean  value  here  in  question  in  the 
ratio  of  3  to  2.  Now  if  the  total  pressure  at  the  center  of  the  sphere  is 
gradually  increased,  the  maximum  pressure  per  unit  of  area  at  the  cen- 
ter of  the  impressed  surface  will  also  continually  increase;  and  at  a 
certain  value  one  of  the  two  bodies,  or  both  (supposing  them  to  be  made 
of  the  same  material),  will  necessarily  rea<;h  the  limits  of  elasticity. 
Evidence  as  to  whether  this  has  occurred  or  not  is  not  far  to  seek;  in  a 
plastic  body  the  strain  will  be  permanent.  There  will,  in  other  words, 
be  an  evidence  of  "  set,"  for  the  parts  aft'ected  fail  to  return  to  their 
original  positions  when  the  stress  is  relieved.  Furthermore,  in  a  brittle 
body,  set  will  be  actually  accompanied  by  rupture  at  the  parts  too 
highly  strained.  We  may  therefore  in  all  instances  conclude  as  follows : 
The  least  value  of  the  {central)  pressure  per  unit  of  area  necessary  to  pro- 
duce permanent  set  (or  rupture)  at  the  center  of  the  impressed  surface  is 
Hertz's  datum  for  the  hardness  of  the  body  under  examination.  In 
addition  to  the  normal  pressures  every  point  of  the  area  of  contact  is 
also  actuated  by  lateral  pressures,  and  it  is  quite  feasible  to  obtain 
some  general  notion  of  their  value.  At  the  center  of  contact  they  are 
positive,  i.  e.,  the  body  is  uniformly  compressed,  whence  it  follows  that 
in  our  method  of  testing  a  crack  is  not  to  be  looked  for  here.  The  case 
is  pronouncedly  different  near  the  boundary  of  the  area,  where  the  lat- 
eral stresses  are  all  negative  and  of  the  nature  of  tensions;  and  since 
the  loci  of  like  stresses  are  circles  concentric  with  the  center  of  area, 
we  may  look  for  a  circular  line  of  rupture. 

Thus  far  our  considerations  were  only  extended  to  a  system  of  two 
given  bodies  in  contact.  The  question  arises  how  the  condition  will 
change  if  the  original  system  is  replaced  by  a  second  system  differing 
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in  any  manner  whatever  from  the  former.  The  variations  possible  in 
such  a  case  are  twofold:  (I)  The  spheres  may  have  diftereut  radii,  and 
(2)  the  bodies  may  have  different  elastic  constants  than  those  which 
obtained  in  the  first  experiment.  The  theory  of  the  experiment  shows, 
with  regard  to  the  first  of  these  points,  that  (other  things  being  equal) 
the  radius  of  the  impressed  area  is  proportional  to  the  cube  root  of  the 
radius  of  the  sphere,  or  that  the  area  of  the  surface  of  contact  varies 
as  the  two-thirds  power  of  the  radius.  For  the  case  of  equal  total 
pressures  at  the  center  of  the  latter,  the  pressure  per  unit  of  area,  and 
hence  also  the  maximum  pressure  in  the  impressed  surface,  must  be 
proportional  to  the  cube  root  of  the  curvatures  of  the  sphere.  To  the 
Extent,  therefore,  in  which  all  reference  is  made  to  the  stated  central  or 
maximum  pressure  (per  unit  of  area),  the  data  for  limiting  values  of 
elastic  resistance  must  be  independent  of  the  curvature  of  the  impress- 
ing sphere.  Hence  the  limiting  value  of  total  pressure  is  proportional 
to  the  square  of  the  limiting  or  final  radius  of  the  area  of  contact;  or, 
if  the  radius  of  the  latter  is  exi)ressed  in  terms  of  the  total  pressure 
and  the  radius  of  the  sphere  by  aid  of  the  above  relations,  then  the 
valueof  total  pressure,  just  suflScient  to  produce  set,  must  increase  with 
the  square  of  the  radius  of  the  sphere.  In  regard  to  the  second  of  the 
above  queries,  no  special  mention  is  expedien  t  here.  I  will  only  remark 
that  under  conditions  which  are  otherwise  identical,  the  area  of  con- 
tact is  expressible  in  terms  of  values  of  the  elastic  constants  of  the  two 
contiguous  bodies.  To  avoid  this  complication,  I  will  at  the  outset 
confine  myself  to  the  state  of  things  observed  when  both  bodies  are 
identical  as  to  material.  For  this  case  the  relations  to  be  formulated 
admit  of  simple  expressions. 

It  may  be  worth  while,  by  way  of  recapitulation,  to  express  the  laws 
just  enunciated  symbolically.  Let  p  be  the  radius  of  curvature  of  the 
sphere  in  millimeters,  p  the  total  pressure  applied  at  its  center,  P  its 
superior  limit,  i.  e.^  the  value  of  p  at  the  time  of  occurrence  of  the  per- 
manent set.  Let  pi  be  the  pressure  per  unit  of  area  at  the  center  of 
the  impressed  surface,  i.  e.y  the  maximum  of  pressure  in  kilograms  per 
square  millimeter,  Pi  the  superior  limit  of  jpi,  i.  e.,  the  absolute  hard- 
ness of  the  body.  Let  d  be  the  diameter  of  the  area  of  contact  (this 
quality  is  immediately  giv^en  by  observation,  and  is  in  so  far  preferable 
to  the  radius  embodied  in  the  above  text),  B  the  superior  limit  of  dj 
both  in  millimeters.  Let  H  be  the  true  hardness,  which,  as  will  be 
shown  in  the  sequel,  differs  slightly  from  the  theoretic  value  Pi,  q  an 
abbreviation  of  the  quotient  p/d^y  Qits  limiting  value.  Let /be  the 
area  of  contact,  Pits  limiting  value,  both  in  square  millimeters.  Fin- 
ally, let  E  be  the  modulus  of  elasticity  of  the  material  in  kilograms  per 
square  millimeter,  //  Poisson's  coefficient,  i.  e.^  the  ratio  of  radial  con- 
traction to  longitudinal  extension,  J57'  an  abbreviation  of  the  quotient 
U/  (l-/i').    Brackets  may  serviceably  be  used  to  show  that  the  quan- 
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titles  inclosed  are  not  expressed  in  the  absolute  units  given,  but  in 
some  convenient  relative  measure.  Hence,  the  following  formula  are 
under  consideration : 

4  4 

^*       '1  f     n  dz  '"^F    TrDa 

for  the  same  p  and  E^  • 

d  d^ 

3— ^=const.,  and     =rcon8t.,alsog=const.,    .    ,  (1). 

This  constant  quantity  must  also  be  identical  with  Q.  Hence,  for 
the  same  p  and  E\  j)\  /  ^  Vj>  =('onst.  For  a  different  value  of  p,  but  a 
given  value  of  E'^ 

fZ/^\/2?^>=con8t.,andp5=con8t (2). 

For  diflferent  values  of  both  p  and  E'^ 

For  different  values  of  p  and  a  given  value  of  E'^ 

rP  \ 

-^^-2=const.,  I 

P=con8t.,orJr^^^eonst.,  > 
-   =con8t., 


(3) 


three  equations  which  are  merely  different  expression  of  a  cx>nimon 
inherent  relation.  Finally  for  given  values  of  p  and  E'^  the  theoretical 
hardness  has  the  form 

and  the  elastic  constant  E'^  the  form 

E'^12  pq (5) 

III.  METHOD. 

It  appears  from  the  foregoing  e([uations  that  to  compute  hardness 
by  aid  of  the  phenomenon  of  contact  between  a  sphere  and  a  plane  of 
a  given  body  the  tottil  pressure  under  which  contact  takes  place  is  to 
%e  increased  up  to  the  elastic  limits.    The  time   of  yielding  being 
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sharply  marked  by  the  occurrence  of  either  permanent  set  or  of  rup- 
ture at  the  area  of  contact,  it  is  merely  necessary  to  measure  the  total 
pressure  P  and  the  diameter  ot  the  impressed  area  D  for  the  time 
in  question.  The  first  of  the  equations  (4)  then  leads  at  once  to  the 
value  of  theoretical  hardness.  In  the  interest  of  acciu*ate  work,  how- 
ever, it  is  unfortunate  that  the  two  quantities  P  and  I)  can  be  meas- 
ured but  once.  It  is  therefore  desirable  to  introduce  some  variation  of 
method  at  least  for  D,  for  P  does  not  admit  of  a  second  expression. 
For  this  purpose  the  other  two  equations  given  under  (4)  are  available. 
One  of  them  (the  second  in  order)  premises  a  knowledge  of  both  U^ 
and  p,  as  well  as  of  P.  Now,  although  p  may  be  considered  sufficiently 
given  by  the  radius  of  the  spherical  stylus,^*,  on  the  other  hand, 
would  have  to  be  taken  from  tabulated  data  of  U  and  //,  or  be  prelim- 
inarily measured  by  aid  of  a  special  piece  of  the  given  body.  Neither 
of  these  alternatives  is  acceptable,  while  /.i  is  known  to  vary  even  with 
insignificant  structural  differences  of  the  given  substance,  and  can  not 
even  be  considered  constant  for  different  parts  of  it.  On  the  other 
hand,  the  third  in  order  of  the  equations  (4)  is  useful  in  every  particu- 
lar. Based  as  it  is  on  the  values  of  P  and  q=p/d^  only,  its  availability 
is  enhanced  by  the  fact  that  the  q  is  constant,  and  can  therefore  be  taken 
from  a  whole  series  of  measurements  of  increasing 2>.  Far  from  being 
dependent  on  a  single  measurement,  therefore,  the  observer  is  at  liberty 
to  reject  the  limiting  value  Q  altogether;  for  if  it  should  differ  from 
the  other  values  g,  an  explanation  is  readily  found  in  the  fact  that  Q 
is  measured  when  "  set"  has  already  occurred.  The  additional  labor 
involved  in  a  step-for-step  increase  of  P  is  of  no  moment,  seeing  that 
such  procedure  is  under  all  circumstances  necessary.  For  the  limits 
of  elasticity  must  be  gradually  approached  and  not  overstepped. 

I  have  already  stated  that  brittle  bodies  present  a  case  of  easy  obser. 
vation,  for  here  set  is  accompanied  by  rupture.  Only  in  rare  instances 
is  this  criterion  preceded  by  a  visible  indentation  without  break  of  con- 
tinuity, and  a  puncture  of  this  kind  can  usually  be  referred  to  a  lack 
of  homogeneity  in  the  material  or  to  anomalies  of  brittleness.  Hence 
I  found  it  advantageous  to  begin  my  work  with  brittle  bodies,  and  the 
general  method  was  devised  with  special  reference  to  the  fact  that 
nearly  all  such  bodies,  in  particular  the  glasses  and  the  greater  number 
of  crystals,  are  more  or  less  transparent. 

The  spheres  in  these  experiments  are  suitably  ground  in  the  form  of 
a  plano-convex  lense,  with  a  radii  of  curvature  of  1  to  30  millimeters. 
The  plane  surface  is  preferably  a  plate,  about  11.0  millimeters  in  diam- 
eter and  8  millimeters  thick.  The  thickness  is  purposely  chosen  of 
the  same  order  of  magnitude  as  the  diameter,  in  order  that  any  dis- 
crepancy of  the  nature  of  flexure  may  be  excluded  from  the  start.  The 
plate  is  fixed  in  position  while  the  lense  is  free  to  move  up  and  down, 
and  pressure  is  suitably  transmitted  by  a  lever  actuated  by  a  set  of 
weights.    The  area  of  contact  and  the  occurrence  of  the  indentation  are 


Digitized  by  VjOOQ IC 


218 


ox  THE  ABSOLUTE  MEASUREMENT  OF  MARDimsS. 


tobeobservedjOt  course,  for  an  invariable  position  of  the  plate  and  lens 
with  reference  to  the  horizontal,  and  the  measurement  is  made  through 
a  microscope  with  its  line  of  sight  normal  to  the  plate,  seeing  that  the 
lengths  to  be  taken  are  small.  In  the  field  of  the  microscope  the  im- 
pressed area  appears  in  form  of  a  dark  circular  spot,  which,  together 
with  the  rings  surrounding  it,  presents  a  ^ase  of  interference.  I  shall 
show  that  even  the  diameters  of  the  rings  are  available  for  measure- 
ment. Further  particulars  however  are  best  discussed  in  connection 
with  the  apparatus. 

rV.  APPARATUS. 

Through  the  kind  permission  of  Prof.  Abbe,  the  apparatus  was 
constructed  in  the  workshop  of  M.  Zeis,  of  Jena,  and  1  desire  in  this 
place  gratefully  to  acknowledge  the  suggestions  received  from  my  col- 
leagues, in  particular  from  Prof,  Abbe,  during  the  course  of  its  con- 
struction. Fig.  1  shows  the  completed  instrument  in  sectional  eleva- 
tion, nonessential  parts  having  been  withdrawn  for  clearness.  It  is 
put  together  massively,  so  as  to  withstand  the  powerful  stresses  which 
are  to  be  brought  to  bear  on  it,  and  it  is  firmly  planted  on  g,  pier  in  one 
of  the  vaults  of  the  university.    Ample  provision  is  made  to  guard 


f-f-i 


against  tremors.  The  cast-iron  bedplate  G  G'  is  T-shaped  in  cross 
section,  73*^"*  long  and  7.5*""  wide,  and  a  central  gutter  runs  from  end 
to  end. 

The  support  T,  screwed  to  the  bedplate,  is  provided  above  by  a  reen- 
trance  <,  in  which  the  knife  edge  D,  around  which  the  wrought-iron  lever 
H  E'  is  free  to  turn,  is  suitably  adjusted.  The  short  arm  of  H  W  ter- 
minates in  a  ring-shaped  expansion  I  /',  at  a  mean  horizontal  distance  of 
about  5*^"'  from  the  axis  I).  In  the  conical  perforation  in  I  V  a  plug  Z 
fits  snugly  and  the  lens  L  is  attached  to  the  top  of  Z.  The  other  arm 
of  HW  is  about  ten  times  as  long  as  the  short  arm,  and  ends  in  the 
knife  edge  c.  The  glass  plate  2>,  to  be  tested,  is  attached  to  the  upper 
>erforated  plate  o  o'j  secured  by  means  of  a  pillared  arrangement,  of 
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which  8  is  alone  visible  in  the  figure.  The  plate  o  o'  is  about  1.6*^'"  thick, 
and  its  lower  face  is  flush  with  the  corresponding  face  ofp.  The  whole 
case  can  be  moved  in  the  gutter  of  the  bedplate,  and  clamped  iu  any 
position  by  aid  of  the  strong  screw  ;8^i.  Jt  is,  therefore,  easily  possible 
to  place  a  part  of  the  glass  plate  p  opposite  the  veilex  of  the  test  lens 
L.  The  microscope  M  is  similarly  movable,  and  the  clamp  screw  S-z 
admits  of  an  adjustment  relative  to  the  point  of  contact  to  be  observed. 
It  is  expedient  to  fasten  the  lens  L  to  the  top  face  of  the  plug  Z  with 
cement.  The  plate  Pj  however,  exactly  fits  the  hole  iu  o  o',  and  adjusta- 
bly hinged  stops  prevent  it  from  falling  out.  The  microscope  M  con- 
tains an  ocular  micrometer  wi,  and  since  illumination  from  below  is 
clearly  impossible,  the  light  of  a  lateral  gas  flame  F  is  reflected  down- 
ward by  the  prism  n,  small  enough  to  only  half  fill  the  right  section  of 
the  tube.  After  impinging  on  the  lens  and  plate,  the  rays  are  reflected 
upward  through  the  open  half  of  the  tube  and  the  micrometer  i»,  finally 
reaching  the  eye  of  the  observer.  The  long  arm  of  the  lever  H^  abuts 
against  the  screw  A,  and  its  play  may,  therefore,  be  stopped  short 
high  enough  to  prevent  all  premature  contact  between  the  test  lens 
and  plate.  When  A  is  screwed  down,  moreover,  the  long  arm  would 
much  overbalance  the  weight  of  the  short  arm  H.  To  obviate  this  a 
duplicate  wrought-iron  arm  W  has  been  added,  along  the  free  end 
of  which  a  weight  tr'  may  be  adjusted  to  counterpoise  the  long  arm. 

The  form  given  to  TF  is  such  that  the  center  of  gravity  of  the 
lever  as  a  whole  is  not  seriously  depressed,  and  a  balance  suflBciently 
sensitive  for  the  present  purposes  is  thus  secured.  The  counterpoise 
fr'  is  to  be  fixed  so  that  the  position  of  equilibrium  may  leave  a  little 
space  between  the  test  lens  and  the  plate.  Little  rings  r  suiTounding 
the  pin  q  are  then  added  until  an  almost  pressureless  contact  is  initially 
obtained.  However  slight,  a  true  contact  is  always  easily  recognized 
by  the  passage  of  the  colored  interference  rings  into  a  black  spot.  In 
order  that  this  initial  contact  may  easily  be  reproduced,  and  the  prog- 
ress of  an  experiment  may  at  any  time  be  checked,  a  second  lever 
KK'y  supported  by  the  pillar  U  near  the  end  of  the  bedplate,  is  at 
hand.  A  stirrup  iJ,  from  the  hook  of  which  scale  pans  of  different 
sizes  may  be  suspended,  suitably  connects  both  levers  (knife  edges  c 
and  c',  as  shown  in  figure).  By  a  play  of  the  screw  B  the  K  end  of 
the  lever  may  be  depressed  and  the  K^  arm  raised.  In  this  way  the 
stirrup  is  lifted  off  of  the  knife  edge  c,  and  the  lever  W  is  therefore 
unloaded.  Conversely  an  opposite  play  of  the  thumbscrew  B  depresses 
A'',  and  the  load  is  therefore  transferred  from  the  knife  edge  c'  to  the 
knife  edge  c,  whereby  the  lever  is  loaded,  gradually  or  expeditiously, 
at  pleasure.  These  adjustments  enable  the  observer  to  carry  out  the 
necessary  operations  smoothly,  and  without  any  danger  of  jarring  or 
striking  the  parts  to  be  tested  together.  The  elasticity  of  the  long 
lever,  moreover,  is  in  favor  of  a  perfectly  uniform  and  slow  intensifica- 
tion of  the  pressure  to  be  applied.    It  was  my  plan  to  return  to  the 

Digitized  by  VjOOQ IC 


220  ON, THE   ABSOLUTE   MEASUREMENT   OF   HARDNESS. 

pressureless  contact,  after  the  effect  of  each  of  the  successive  step  loads 
had  been  brought  to  bear,  and  thus  the  load  corresponding  to  the  occur- 
rence if  an  indentation  in  p  was  indicated  with  certainty  (see  below). 

V.  GENERAL  REMARKS  ON  THE  OBSERVATIONS. 

Apart  from  special  methods  of  research  the  general  plan  of  the  ex- 
periments was  as  follows:  The  plate  and  lens  are  first  carefully  to  be 
freed  from  dust,  grease,  moisture,  etc.,  and  then  to  be  screwed  into 
their  respective  places  at  the  center  of  the  plate  o  o'  and  at  the  top  of 
the  plug  Z  as  securely  as  possible.  The  screw  stop  A  is  lifted  high 
enough  that  the  plate  case  o  o  s  may  be  pushed  over  the  lens  with- 
out danger  of  touching  it.  Then  the  miscroscope  is  adjusted  and  all 
parts  eventually  clamped  in  place  with  reference  to  the  particular  ijart 
of  the  glass  plate  where  the  test  is  to  be  made.  It  is  expedient  to 
clamp  8i  first,  and  then  to  clamp  82  in  such  a  way  that  the  point  in 
question  may  occupy  the  middle  of  the  field  of  view.  During  these 
operations  it  will  have  been  necessary  to  gradually  lower  the  stop  A, 
though  not  quite  as  far  as  the  position  of  contact.  This  is  best  done 
when  the  microscope  is  fixed.  Under  these  circumstances,  however,  if 
the  lever  HH'  should  not  swing  freely,  the  long  arm  W  is  presumably 
too  heavy,  and  tc'  must  be  moved  further  outward  along  the  slide  (a 
little  weight  r  being  added  if  need  be)  until  the  pressureless  contact 
occurs,  when  the  lever  swings  freely.  This  adjustment  may  actually 
be  made  to  an  accuracy  of  about  1  gram,  a  degree  of  sensitiveness  far 
in  excess  of  the  demands. 

The  load  is  now  applied,  beginning  with  the  stirrup  R  as  the  first 
centerpoise.  The  screw  B,  which  has  thus  far  stood  low,  is  raised  until 
the  load  is  carried  simultaneously  by  e'  and  c.  B  is  tlien  raised  very 
graduallyj  however,  until  the  load  B  has  been  quite  transferred  from 
KK'  toH  H'j  the  observer  availing  himself  meanwhile  of  the  elasticity 
of  the  long  lever.  Indeed  it  is  possible  to  raise  B  so  uniformly  that 
the  area  of  the  spot  seen  in  the  field  of  the  microscoi)e  scarcely  en- 
larges, so  that  the  strain  is  imparted  to  the  plate  at  a  very  slowly 
increasing  rate.  Should  the  weight  of  R  (2378)  be  regarded  too  large 
as  a  first  step,  smaller  weights  may  be  attached  with  a  string.  Having 
read  off  the  first  diameter  of  the  ring  and  noted  the  first  load,  the  large 
lever  is  unloaded  and  the  scale  pan  atttu'lied  to  the  hook  of  the  stirrup 
R.  Then  the  lever  HH'  is  again  loaded  in  the  manner  described, 
and  the  value  of  the  diameter  of  the  spot  read  off  for  the  second  load. 
This  process  is  repeated  as  often  as  desirable,  with  the  single  addi- 
tional precaution  that  when  the  limits  of  elasticity  are  being  gradually 
approached  (determined  from  preliminary  trials),  the  weights  are  added 
to  the  scale  pan  in  smaller  steps  than  at  the  outset.  Eventually,  there- 
fore, the  values  P  and  T)  (load  and  spot  diameter)  which  correspond  to 
rupture  are  obtained.    The  method  described  has  many  advantages; 
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the  observer  can  proceed  with  his  work  smoothly  and  without  annoying 
accidents;  for  the  weights  are  added  by  a  method  of  manipulation 
which  is  wholly  without  disturbing  influence  on  the  test  plates,  etc. 

Theoretically,  however,  the  method  is  not  altogether  free  from  objec- 
tions, inasmuch  as  the  impressed  surface  is  continually  loaded  and  un 
loaded,  and  therefore  put  through  a  series  of  increasing  cyclic  strains, 
until  the  final  point  of  rupture  is  reached.  For  this  reason  I  made 
special  sets  of  measurements,  in  which  the  loads  were  added  gradually 
with  every  available  precaution,  of  course,  but  without  passing  back  to 
the  pressureless  contact  at  the  end  of  each  step.  Kear  the  end  of  the 
oi)eration  I  carefully  charged  the  scale  pan  with  sand,  pouring  it  in  so 
gradually  that  the  increase  of  the  load  was  practically  continuous. 
These  experiments  led  to  some  interesting  subsidiary  facts;  but  asthey 
did  not  change  the  chief  issue  with  which  we  are  now  concerned,  I  need 
only  accentuate  the  remarks  already  made,  that  it  is  never  permissible 
to  increase  the  h>ad  ([uickly,  not  even  at  the  beginning  of  the  work 
when  the  loads  are  all  small.  In  all  such  cases  rupture  is  liable  to  occur 
prematurely,  and  the  discrepancy  is  frequently  of  serious  moment 

In  addition  to  the  (jorresi>onding  values  of  p  and  (f,  P  and  D,  other 
quantities  were  usually  observed,  such,  for  instance,  as  would  be  neces- 
sary for  corrections,  etc.,  and  for  the  ultimate  purposes  of  this  research. 
I  always  noted  the  diameter  of  the  Newton  rings,  as  well  as  the  diam- 
eter of  the  locus  of  rupture.  As  to  the  latter  I  may  here  remark  (definite 
researches  will  be  published  elsewhere)  that  in  case  of  isotropic  media 
it  is  in  fact  a  circle  and  concentric  with  the  area  of  contact;  yet  it  does 
not  coincide  with  limits  of  this  area,  but  surrounds  it  in  accordance 
with  a  well-defined  law.  For  crystals  the  locus  of  rupture  is  not  cir- 
cular, but  an  intermediate  figure  between  a  circle  and  a  polygon  (hex- 
agon, rhombus,  triangle,  etc.). 

A  few  words  on  the  diameter  of  the  spot  are  in  place  here  because 
of  their  bearing  on  the  accuracy  of  measurement.  I  found  by  trial  that 
the  demarcation  was  sharpest  in  case  of  faint  illumination,  for  in  this 
case  the  light  was  not  annoyingly  reflected  from  the  upper  face  of  the 
test  plate.  In  general  this  definition  varies  in  marked  degree  in  differ- 
ent experiments,  and  even  different  parts  of  the  edge  of  a  given  spot 
are  not  equ  ally  distinct.  Usually,  however,  0.7  scale  part  of  the  microm- 
eter is  guaranteed. 

From  an  economical  standpoint  it  is  fortunate  that  a  single  plate  and 
lens  will  outlast  many  experiments,  certainly  as  many  as  are  necessary 
for  obtaining  a  sharp  average  of  results.  The  lens  is  not  usually  af- 
fected, but  retains  its  even  surface  indefinitely.  The  plate  is  large 
enough  for  upwards  of  30  or  40  fields  of  rupture  on  each  of  its  sides.  It 
is  advisable  to  rule  the  side  of  the  plate  which  is  not  to  be  used  with  a 
set  of  rectangular  cross-section  lines.  Curiously  enough,  the  divers  cir- 
cles of  rupture  do  not  seem  to  interfere  with  each  other,  even  when 
they  are  nearly  contiguous,  or  when  the  loci  actually  intersect.    I  found 


Digitized  by  VjOOQ IC 


222 


ON   THE   ABSOLUTE   MEASUREMENT   OF    HARDNESS. 


by  trial  that  the  values  obtaiued  in  the  last  instance  were  more  abnormal, 
but  I  did  not  use  them.  Fig.  2,  supplied  to  corroborate  these  state- 
ments, represents  the  available  part  of  the  plate.  It  contains  fully  28 
indentations,  varying  in  size  because  lenses  of  different  curvature  were 
used,  but  it  appears  at  a  glance  that  there  is  room  for  many  more  experi- 
ments. 


Fia.  2. 
VI.  THE  CONSTANTS  AND  SOURCES  OF  ERROR. 

The  two  chief  constants  of  the  apparatus  are  the  scale  value  of  the 
ocular  micrometer  and  the  ratio  of  the  arras  of  the  prime  lever.  The 
former  was  obtained  in  the  usual  way  by  comparing  it  with  an  objective 
micrometer.  In  my  final  and  most  accurate  comparisons  a  tenth  milli- 
meter scale  was  inserted  in  place  of  the  plate  p.    Thus  I  found 

27  scale  parts  =  l'""* 

with  a  deviaaon  near  the  edges  of  the  field  presently  to  be  discussed. 
In  view  of  the  form  of  the  lever  the  ratio  of  the  arms  could  not  have 
been  measured  accurately  by  a  direct  method.  Ilence,  I  replace  the 
plug  Z  by  another  containing  a  pin,  on  which  a  strong  scale  pan  hang- 
ing in  the  main  below  the  bedplate  0  0 '  could  be  pivoted.  Observa- 
tions made  for  equilibrium  between  the  new  pan  and  the  stirrup  R 
(weights  being  suitably  added  to  the  former)  showed  the  ratio  in  ques- 
tion to  F  =  9.8,  with  a  probable  error  of  ±  0.01,  t,  e.,  only  about  a 
tenth  per  cent  of  the  value  of  V,  It  follows,  therefore,  that  all  measure- 
ments in  terms  of  the  ocular  micrometer  are  to  be  divided  by  27,  and 
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tlie  observed  load  at  the  end  of  the  lever  (including  of  course  tlie  weight 
both  of  the  stirrup  R  and  the  pan)  is  to  be  multiplied  by  9.8.  Thus 
the  values  of  spot  diameter  and  total  pressure  are  reduced  to  absolute 
units. 

The  third  class  of  constants  are  the  lens  curvatures,  purposely 
varied  in  different  experiments.  I  did  not  attempt  to  find  them,  how- 
ever, for  I  was  able  to  avail  myself  of  the  values  of  the  mechanician  in 
charge,  who,  in  addition  to  the  chief  datum,  also  supplied  me  with 
the  errors  probably  made  in  their  manufacture.  These  errors  never 
exceeded  0.1»*°»,  and  were  even  smaller  than  this  for  smaller  curvatures. 

Another  important  question  may  be  alluded  to  here.  It  does  not 
follow  at  once  that  the  diameter  of  the  black  spot  measured  in  the  field 
of  the  telesc>ope  actually  coincides  with  the  area  of  contact.  The  ques- 
tion relative  to  the  correction  to  be  applied  is  to  be  looked  at  from  four 
points  of  view:  (1)  It  is  known  that  in  case  <»f  Newton's  rings,  light  is 
not  only  extinguished  throughout  the  area  of  contact,  but  throughout 
a  somewhat  wider  margin  to  a  point  at  which  the  vertical  distance 
between  plate  and  lens  is  about  ^  wave  length  (say),  depending  on 
the  intensity  of  the  illumination.  The  spot  is  therefore  to  this  extent 
Iprger  than  the  area  of  contact.  Now,  it  would  be  possibltj  to  compute 
this  correction  from  the  data  theoretically  given  for  the  curvature  of 
the  area  of  contact  in  a  way  sufficient  for  all  possible  cases ^  and  this 
has  been  done.  It  is  much  simpler,  however,  and  more  free  from 
assumptions  which  need  not  be  detailed  here,  to  refer  such  measure- 
ments to  the  first  of  the  rings  surrounding  the  black  spot.  For  the 
position  of  the  ring  is  such  that  the  vertical  distance  between  plate 
and  lens  is  necessarily  J  wave  length.  Now,  since  the  area  of  contact 
is  always  very  small,  the  curvature  of  contiguous  parts  may  be  neg- 
lected. Hence  the  correction  to  be  applied  [deducted]  is  J  of  the 
distance  of  the  first  ring  from  the  edge  of  the  spot,  meaning,  of  course, 
the  true  edge.  In  other  words,  the  correction  is  one  half  the  distance, 
By  between  the  first  ring  and  the  apparent  edge  of  the  spot;  and  since 
this  correction  (^  b)  is  to  be  deducted  from  both  ends  of  the  diameter 
dy  the  full  correction  is  f ,  or  the  true  diameter  of  the  area  of  contact  is 
d-f.  It  is  advisable,  therefore  (other  considerations  will  appear  below), 
to  construct  a  table  in  which  for  any  given  substance  the  correction 
may  be  taken  at  once  as  a  function  of  the  pressure  applied  and  the 
curvature  of  the  lens  used.  For  practical  purposes,  moreover,  an 
approximate  table,  in  which  the  correction  is  mapped  out  as  a  function 
of  spot-diameter  and  lens-curvature,  />i,  will  in  most  cases  be  sufficient, 
no  matter  what  the  substance  maybe.  Such  a  table  may  heie  be 
inserted,  spot-diameters,  <f,  being  given  in  scale  parts,  and  the  cor- 
rection in  j^o  scale  parts  of  the  ocular  micrometer. 
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(2)  Tlie  astigmatic  aberration  of  the  image  observed  through  the  plate 
is  next  to  be  considered.  In  view  of  the  small  angular  deviation  of  the 
lines  of  sight,  the  error  in  question  will  never  exceed  one-tenth  per  cent 
of  the  observed  value,  unless,  indeed,  the  observations  are  made  near 
the  circumference  of  the  field  of  view.  This  is  quite  unnecessary  and 
should  not  be  done. 

(3)  Another  negligible  error  is  introduced  by  the  fact  that  the  ob- 
served spot  is  a  horizontal  projection  of  the  curved  area  of  contact. 
Even  in  the  case  of  my  most  convex  lenses  and  the  highest  pressure 
admissible,  the  effect  of  the  difference  of  area  of  the  actual  surface  and 
its  projection  will  not  exceed  2  in  1,000. 

(4)  Finally  the  flexure  of  the  test  plate  i?,  which  under  the  circum- 
stances is  converted  into  a  concave  lens,  may  be  adduced.  A  correction 
of  this  kind  would  be  appreciable,  if  the  object  to  be  observed  were 
situated  at  an  appreciable  distance  below  the  lens.  This  state  of  things 
can  not  be  at  once  dismissed,  for  the  locus  of  the  circumference  of  the 
spot  is  at  a  place  where  the  plate  and  the  lens  no  longer  touch  each 
other,  as  has  just  been  indicated.  In  other  words,  the  question  contem 
plates  the  actual  position  of  the  locus  or  seat  of  interference.  Divers 
experiments  which  I  made  with  special  reference  to  this  discrepancy 
proved  however  that  the  present  source  of  error  is  not  of  greater 
moment  than  the  preceding. 

VII.  THE  THEORY  TESTED. 

The  materials  to  which  I  confined  my  present  experiments  we^e  glass 
and  quartz.  The  glass  was  obtained  from  the  well-known  house  of 
Schott  &  (xen,  and  the  three  samples  fiirnished  were  marked  I  (rather 
soft),  II  (of  mean  hardness),  and  III  (rather  hard).  The  mere  fact  that 
I  was  thus  able  to  avail  myself  of  three  degrees  of  hardness  of  one  and 
the  same  substance  lent  a  peculiar  interest  to  the  tests,  for  the  differ- 
ences of  hardness  in  question  could  not  in  any  case  be  very  marked, 
aud  the  tests  would  therefore  contain  an  immediate  indication  of  the 
sensitiveness  of  my  method.  In  addition  to  these  substances  I  also 
worked  with  a  plate  of  quartz  (IV)  cut  at  right  angles  to  the  crystallo- 
graphic  axis.  Here,  as  well  as  in  the  case  of  the  glass  (I,  II,  III),  the 
lens  and  plate  were  cut  from  one  and  the  same  substance  in  each  case. 
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Prelimiuary  optical  work  showed  that  the  departure  from  hoinogenity 
throughout  the  mass  of  glass  examined  was  nearly  inappreciable,  and 
the  same  was  true  of  the  given  faces  of  the  quartz  appliances.  Had  it 
not  been  the  case,  the  tests  themselves  would,  in  the  course  of  the  work, 
have  indicated  deficient  isotropy,  seeing  that  both  the  position  or  the 
shax>e  of  the  lines  of  rupture  depend  on  these  conditions.  Such  results 
were  indeed  actually  obtained  in  certain  experiments  which  I  made  with 
this  especial  end  in  view,  but  with  which  I  will  not  further  detain  the 
reiider,  for  another  question,  and  an  important  one,  has  since  loomed 
into  view  and  must  now  be  answered.  The  theory  sketched  above 
makes  mention  only  of  isotropic  media,  and  thus  it  is  not  warrantable 
to  apply  it  to  crystals. 

In  a  measure  this  is  true,  but  it  must  be  noticed  that  in  the  first  of 
the  eciuations  (4)  only  the  numerical  coefficient  is  influenced  by  leolo- 
tropy,  and  if  equations  (1)  and  (2)  can  be  proved  to  hold  for  the  crys- 
talline body  empirically,  then  the  last  of  the  equations  (4)  can  be  wrong 
only  as  to  its  coefficient.  Furthermore,  the  uncertainty  can  be  tested 
by  means  of  the  equation  (3),  as  compared  with  the  second  of  the  equa- 
tions (4),  to  a  very  small  margin  of  uncertainty,  by  inserting  known 
values  of  the  elastic  constant  E'.  Aside  from  this  an  interpretation  of 
the  coefficient  in  question  shows  that  it  is  necessarily  inclosed  within 
narrow  limits.  There  is  still  another  j)oint  of  view.  Hertz's  theory  is 
true  for  elliptical  contact  surfaces  quite  as  much  as  for  spherical  sur- 
faces, from  the  nature  of  the  reasoning  employed;  and  even  in  the 
more  general  case  (ellipsoid)  the  numerical  factor  in  questions  turns 
out  to  be  3/2.  If  therefore  the  latter  is  independent  of  differences  of 
direction  considered  geometrically,  it  will  also  be  independent  of  the 
elastic  assymmetry,  a  consideration,  it  is  true,  which  applies  primarily 
for  lines  lying  in  the  plane  surfarce  of  the  plate,  but  does  not  apply  to 
the  normal  dimensions  or  depths. 

I  am  bound  to  acknowledge,  therefore,  that  the  data  obtained  with 
crystals  are  possibly  not  as  accurate  as  the  corresponding  data  for 
isotropic  substances.  This  curious  divergence  in  the  behavior  of  crys- 
tals and  glasses  is  borne  out  by  the  following  qualitative  result: 
Whereas  impressed  area  and  the  line  of  rupture  of  an  isotropic  body  is 
always  a  circular,  only  the  impressed  area  retains  this  figure  for  quartz, 
while  the  lines  of  rupture  is  a  figure  midway  between  a  circle  and  a 
hexagon.  I  will  return  to  this  matter  elsewhere.  The  radii  of  curva- 
ture )f  the  lenses  used  were  widely  varied,  and  the  values  1, 3,  4,  5, 10, 
12, 15,  and  30  ™"'.  enter  the  following  experiments,  the  first  and  last, 
however,  only  in  special  work.  If  the  radius  is  too  small  there  is  obvi- 
ous difficulty  in  measuring  the  area  of  contact.  Large  radii,  on  the 
other  hand,  are  equally  unsatisfactory.  The  initial  point-contact  is 
not  always  attainable  in  this  case,  while  the  stress  which  must  ulti- 
mately be  brought  to  bear  is  a  serious  tax  on  the  apparatus.  Again, 
H.  Mis.  334,  pt.  1 15 
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the  circles  of  rupture  are  so  large  that  for  a  given  plate  relatively  few 
tests  can  be  made. 

My  first  measurements,  made  with  the  sole  object  of  verifying  Hertz's 
theory,  bear  directly  on  the  truth  or  the  degree  of  approximation  of  the 
equations  (1)  (2)  (3)  of  section  2.  Not  until  this  was  done  was  it  war- 
rantable to  proceed  with  equations  (4)  and  (5)  for  the  measurement  of 
Pi  and  UK  (1)  To  test  the  equation,  (1),  q==^coii»t.,  or  j?/<f^  =  const., 
many  measurements  were  made  for  each  of  the  four  samples  enumer- 
ated, and  for  increasing  values  of  pressure.  Here  a  few  results  selectee* 
at  random  from  my  notebook  may  be  exhibited. 


Glass  11,^  p 

=  10.          || 

Quartz  p- 

=  12.         '! 

Glass  III, 

p  =  4. 

[Pl. 

[d]. 

1,000  [g]. 

[p^ 

[d]. 

1.000  [7].  1 

[P]. 

[d]. 

1.000  [9].' 

1 

227 

8.9 

321 

754 

12.4 

396   1 

854 

10.0 

""«:' 

354 

10.5 

306 

1,254 

15.0 

371' 

1,154 

11.0 

866 

354 

12.1 

313 

1.677 

17.0 

341    , 

1,754 

12.6 

877 

754 

13.5 

307    i 

2.677 

19.6 

356  1 

2.454 

14.3 

876 

954 

14.6 

306  ! 

3,177 

20.5 

369    1 

2,479 

14.4 

866 

1,354 

16.4 

307  l| 

3,677 

21.6 

368  jl 

1.554 

17.1 

311    1 
288    ' 

4,390 

23.0 

359  ! 

1,677 

18.0 

4,800 

23.7 

361  ; 

1,925 

18.7 

294  l| 

4,887 

23.9 

357 ; 

3,177 

22.1 

294  |, 
295, 

291  if 

'1 

3,225 

22.2 

1| 

3,725 

23.4 

1 

4,547 

24.6 

306    1 

i 

It  appears  at  a  glance  that  in  the  third  series  q  is  constant  and  that 
the  same  is  true  as  a  first  approximation  in  the  first  and  second  series. 
Closer  scrutiny  of  the  data  reveiils  a  gradual  but  slight  decrease  of  q 
in  the  latter  cases,  arbitrary  fluctuations  being  allowed  for.  Thus  in 
the  first  series  the  average  q  for  the  first  seven  observations  is  310,  and 
for  the  last  six  295;  in  the  second  series  similarly  the  mean  q  for  the 
first  five  and  the  last  four  observations  is  367  and  361,  repectively. 
This  discrepancy  is  accounted  for  by  equation  (5),  and  indicates  a  cor- 
responding decrease  of  IJ\  that  is  either  a  gradual  diminution  of  the 
modules  U,  or  of  Poisson's  ratio.  Both  conditions  may  plausibly  be 
assumed.  But  since  the  observed  march  is  insignificant  or  even  quite 
absent  in  some  of  my  series,  it  may  justifiably  be  neglected.  I  shall 
therefore  take  g=const.  throughout  my  work.  With  this  understand- 
ing the  probable  errors  of  a  in  the  above  table  may  be  computed  and 
appear  as  follows : 

[q]  =  0.3028  i  0.0016;  [q]  =  0.3643  i  0.0031;  [q]  =  0.868  ±  0.003, 

so  that  the  mean  value  of  q  for  the  experiments  is  correct  to  about 
one-half  per  cent  and  the  error  of  the  quartz  series  does  not  exceed  1 
per  cent.    By  repeating  the  above  work  a  number  of  times  the  attain- 
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able  accuracy  is  further  increased.  Values  of  q  obtained  in  this  way 
for  different  plates  and  different  lenses  of  the  same  material  and  radius 
in  each  case  show  larger  differences  than  the  foregoing  analysis  has 
made  probable.  Hence  it  is  reasonable  to  suppose  that  the  different 
samples  really  differ  as  to  elasticity,  although  the  differences  and  the 
probable  errors  are  surprisingly  small. 

Gla«8  I J  values  of  q. 


468 
429 

i- 

502 

454 

429 

442 

505 

448 

- 

Mean  results . 


455 
455 
476 
45(5 
482 
449 
476 


463 


122.1  I 
110.6 
115.7 
117.7  ! 


116.5 


2.7: 

1.1 !, 

1.3', 
2.6  l' 


=4 

± 

39.4 

0.2 

38.3 

0.3 

38.7 

0.3 

40.0 

0.1  1 

GlasH  J  I,  values  o/q. 


p=3. 

± 

202.6 

1.9 

196.3 

3.4 

190.6 

2.8 

195.7 

4.7 

196.3 

1.9 

195.4 


1.2 


P=5.      I 

118.9 
111.6 

112.2  I 

115.0  I 

111.3  ' 
116.0 
112.7 

117. 1  j 
120.0  ' 


114.9 


1.0 
3.0 
3.1 
2.6 
1.5 
2.4 
3.8 
0.7 
0.9 


58.5 
57.2 
58.5 
59.7 


1.5 
1.3 


1.5 


p=15. 

36.7 
37.3  I 
39.0  I 
39.2 


0.9 
0.4, 
1.6 
0.7  I 


59.3 

0.9  . 

1 

59.7 

1 

59.6 

2.2'. 

55.3 

' 

56.0 

1 

, 

58.3 

0.4-1 

38.3 

0.4  1 

(rlasti  III,  values  of  q. 


p=4, 
160 

' 

i  P 
1 

--12.  1 

52.2 
53.1  1 
52.8  1 
53.1  ' 
53.8  ! 

4  r 
i' 

167 

1 

151 

168 

' 

107 

162 

1 

. 

1C2.5 

1.7 

53.0 

0.2  ,, 

p=30. 

22.0 
21.7 
21.7 
21.6 
21.9 
22.2 


21.85 


0.1     ' 
0.0    I 
O.l 
O.I 
O.I 
0.1     ' 


0.05  I 
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QuarlZj  valuts  of  q. 


p=l 

± 

P-4 
218 

- 

823 

848 

208   '. 

853 

215   . 

854 

210   '. 

854 

210   . 

846 

4 

212.2 

1.2 

70.5 
69.2 
71.9 
67.3 
70.7 

Meau  valac! 


•t 

p-_12 

•  + 

71.5 
70.. 
69.8 
70.5 
72.0 

lUC!  — 

70.4 

0.9 



_ 

(2)  The  following  data  are  sufficient  to  verify  e(|iiation  (2).  viz,  pr/^-oonst. 


Gla8t»I 


GlatMU. 


(UasHlII. 


Quarts. 


7— 
p^_ 

qz 

p  - 

M~ 
P  ~ 
q^ 

PH  - 


1 
463 
463 

3 
195.4 
586 

4 
162.  :> 
650 

1 
846 
846 


.    I    ,.    ! ', 

116.5         39.1    [     pq.^         466±1 

466  469      I i 

5  10             15        j 

114.9  58.3         :W.3     V     p*/    :         580±2 

575  583           575         ) 

12  30        I 

53.0         21.8' I     ^7-:         647i4 

636  654      \ ) 

4  12      \ I 

212.2         70.4' I     pv-         847±l 

849       I     845        'I  ' 


(3)  It  is  now  only  necessary  to  prove  the  equations  (3).  The  data  for 
r  vary  between  4  and  140  kilograms,  an  interval  which  in  comparison 
with  the  small  areiis  of  contact  encountered  is  strikingly  large.  In  the 
case  of  dififerent  experiments  made  under  the  same  conditions,  i.  e.,  for 
values  all  corresi>onding  to  the  same  material  and  the  same  lens  curva- 
ture, P  varies  pronouncedly,  as  the  following  example  shows.  The  series 
is  again  chosen  at  random  and  represents  an  unfavorable  case,  for  the 
probable  error  of  the  mean  result  is  fully  3J  per  cent. 


Glass  III  V-~ 

pr^4  />_. 


Mean  value,  P-^20.3  >  0.7. 


17.2 
0.47 


24.3     I 
0.53  I 


18.1     { 
0.50  I 


24.0    I 
0.50 


21.2 
0.49  , 


19.2 

0.48  I 


18.2 
0.48 


Now,  it  is  to  be  observed  (1)  that  at  large  value  of  P  is  usually  cor- 
related with  a  large  value  of  7>,  and  therefore  also  corresponds  to  a 
smaller  g,  thus  the  fluctuations  are  in  part  rectified;  (2)  that  in  the  final 
equation  (4)  the  cube  root  of  P  only  enters,  so  that  all  errors  are  reduced 
as  1  to  3. 

Quite  an  unexi>ected  result  is  reached,  however,  when  the  data  for  dif- 
ferent lens  curvatures  are  compared.  The  equations  (3)  are  not  corrob- 
orated, not  even  approximately,  though  it  would  not  be  diflBcult  to  find 
a  corrected  term.   Thus,  for  instance,  in  case  of  the  glass  II  the  data  uiti : 
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81.7 
'    1.64 
!  »0.142 


07. 0 
0.96 


I  56.6 
1     0.50 


49.8 
I     0.32 


0.119  1    0.094  '    0.080 


All  of  wbicli  relations,  instead  of  being  constant,  appreciably  decrease. 

This  may  be  expressed  as  follows :  The  pressure  per  unit  of  area 
which  just  produces  a  line  of  rupture  in  the  surface  of  a  given  plate  of 
a  given  body,  is  not  always  the  same;  the  said  pressure  increases  in 
proportion  as  the  test  lens  is  more  convex  or  the  area  of  contact  smaller, 
A  further  statement  to  the  same  eflPect  may  be  made  by  indicating  that 
the  total  pressure  just  sufficient  to  produce  a  line  of  rupture  is  not  pro- 
portional to  the  square  of  the  lens  curvature;  or  again  that  the  diam- 
eter of  the  impressed  area  when  rupture  just  occurs  is  not  directly  pro- 
portional to  the  radius  of  the  lens,  seeing  that  both  quantities  increase 
at  a  retarded  rate.  Mere  inspection  of  the  above  table  shows,  how- 
ever, that  the  values  of  the  second  row  (P:p')  decrease  at  the  rate  in 
which  the  values  pincrease,  and  the  same  observation  applies  to  the  other 
rows.  Hence  it  follows  that  the  relations  theoretically  deduced  above 
are  to  be  replaced  by  empirical  relations  such  that  (1)  P  is  not  propor- 
tional to  D^j  but  to  D*/*,  (2)  P  is  not  proportional  to  p*,  but  to  p;  (3)  not 
7>,  but  DV  is  proportional  to  p. 

In  how  far  these  inferences  are  actually  borne  out  by  experiment  is 
shown  by  the  following  summary: 


10.      I      15. 


P.D**       I  53.4 

P:p=        I    4.93 

/>«'»:  p=      I     0.092 


_  _  - 



_ 

»2.0 

54.8 

54.5 

4.78 

6.04 

4.80      ; 

0.092 

0.092 

0.088  1 

Mean  values. 


63.7  ±0.4  I 
4.89  :t0.04  I 
0.091±0.001 


The  probable  errors  are  throughout  only  about  1  per  cent. 

For  the  other  plates  these  relations  were  also  applicable.  In  these 
cases,  however,  only  two  values  of  p  (4  and  12  millimeters)  were  availa- 
ble, so  that  the  test  is  not  very  cogent.  I  therefore  had  a  new  plate  and 
lens  made  out  of  each  of  the  samples  of  soft  glass  I  and  of  quartz, 
selecting  the  radius  in  such  a  way  that  the  impressions  of  the  stylus 
approach  the  effect  produced  by  a  i>oint  or  needle.  A  small  radius 
also  seemed  preferable  from  the  following  ulterior  considerations :  If  the 
value  of  the  pressure  per  unit  of  area  which  just  produces  rupture 
is  a  function  of  the  radius  of  the*  lens,  then  the  value  p=l  (milli- 
meter) as  compared  with  the  above  radii,  must  possess  the  particular 
importance  of  a  unit.  Experiments  made  with  these  small  and  highly 
convex  lenses,  cannot  of  course  lead  to  as  great  a  regularity  of  data  as 
were  obtained  in  many  of  the  above  cases;  but  the  mean  result  is  none 
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the  less  i»ronounceclly  in  harmony  with  the  relations  jnst  adduced.  This 
appears  in  the  following  summary : 


Values. 


GlanA  I  . 


Glaafi  I  . 


Quartx  . 


Quartz 


Theoretically  con- 
Htant. 

Found  to  Iw  con- 
stant. 

Theoretically  con- 
stant. 

Found  to  hci  con- 
stant. 


P:Ifirt-\ 

\P/P*= 


lU.l 
6.37 
0.240 
54.4 
6.37 
0.117 
199.8 
50.5 
0.183 


)P/lfi^=     64.3 
P/t^  50.5 

D^rip^   I      0.0786 


4 

_! 

71.0        1 

12 

48.1 
0.53 
0.103 

53.5 
6.35 
0.119 

66.9 
0.42 
0.079 

65.2 

50.5 
0.0775 

Mean  values. 

1.65 

0. 153     ! 

55.4 
6.59 
0.110 

95.2 

54.4     ±0.3 
6.44  ±0.5 
0.18  ±0.001 

1.31 

, 

0.118 

65.8 
52.2 

0.0793 

1 

05.1       ±0.3 
5.11     ±0.04 
0.0785  ±0.0004 

Here,  as  in  the  above  case,  the  probable  errors  are  between  J  and 
1  per  cent. 

On  the  basis  of  these  results  it  follows,  therefore,  that  if  hardness  be 
computed  by  the  last  of  the  equations  (4),  the  Hertzian  values,  P,,  will 
vary  with  p.  If,  however,  these  data  (Pi)  are  multiplied  by  VB,  or, 
more  conveniently,  by  3  ^/py  then  the  new  values  of  hardness  are  con- 
stant qualities,  irrespective  of  the  curvature  of  the  stylus  used.  In 
general,  furthermore,  the  theoretical  premises  have  been  corroborated 
by  experiment  to  a  remarkably  close  degree  of  accordance;  only  in 
one  point  (and  this  happens  to  be  the  most  important  deduction)  is 
there  a  wide  divergence  between  predictions  of  the  theory  and  the 
facts.  Inasmuch  as  the  disagreement  evidences  a  well  defined  law,  it 
is  worth  while  to  examine  the  conditions  under  which  the  theory 
applies. 

(1)  Hertz  supposes  the  area  of  contact  to  be  small  relatively  to  the 
spherical  surface.  In  the  above  experiments,  however,  it  is  quite 
doubtful  whether  this  can  at  once  be  assumed  in  all  cases.  Indeed,  the 
ratios  of  the  limiting  radius  of  the  impressed  area  R  and  the  lens 
radius  p  reach  values  as  high  as  1  :  11,  and  they  can  not  be  at  once  dis- 
missed. We  are  thus  led  to  inquire  in  how  far  the  theoretical  state- 
ments, relatively  to  pressure  direction  and  pressure  components,  curva- 
tures and  area  of  the  impressed  surface,  are  aflPected  by  the  large  values 
Bjp  specified.  1  have  done  tliis  and  find,  in  a  way  which  has  already 
been  suggested  in  the  above  text,  that  the  theory  still  holds  to  a  degree 
quite  within  the  errors  of  experiment,  at  least  in  the  majority  of  obser- 
vations. The  fixed  values  of  ^,  moreover,  is  compatible  with  this  result, 
for  in  the  case  of  increasing  loads  q  is  pronouncedly  constant  when  p 
is  smallest. 

(2)  Again,  the  interesting  fact  that  the  locus  of  rupture  surrounds 
the  area  of  contact  and  is  situated  at  a  certain  distance  from  it,  may 
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be  looked  into.  But  if  in  the  above  formulae  the  impressed  surface  is 
replaced  by  the  area  within  the  circle  of  rupture,  the  empiric  law  stated 
above  is  not  changed.  The  source  of  discrepancy  is  not,  therefore,  to 
be  found  here. 

(3)  Nor  does  the  assumption  that  the  impressed  surfaces  may  be  rel- 
atively too  large  help  us  out  of  the  dilemma.  For  in  sijch  a  case  the 
differences  between  theory  and  fiMst  would  vanish  in  proportion  as  Bjp 
is  smaller.  The  results  do  not  sbow  this.  In  case  of  glass  III,  for 
instance,  the  ratios  PjD^  are  still  enormously  difterent,  for  p=4  and 
p=12  P/2>*=83.9  and  56.4,  respectively),  whereas  the  quantity  2^/p  has 
already  decreased  to  -^  and  j^,  respectively. 

To  decrease  Rjp  even  beyond  this,  a  new  lens  was  made  of  the  same 
glass  with  a  radius  as  large  as  p=30  millimeters.  In  this  case  -K/p= 
^  and  PjL^  ought  therefore  now  either  to  coincide  with  the  corre- 
sponding quantity  for  p=12,  or  at  least  to  differ  inappreciably  from  it. 
The  data  found  for  PlJO^j  however  (39.6  and  56.4),  are  very  far  from 
being  constant,  while  P/D  2/3  shows  the  same  fixed  values  as  above. 

(4)  I  may  instance,  in  passing,  that  in  the  case  of  different  substances 
the  quotients  P/B^  are  independent  of  p.  Thus,  for  the  substances 
tested  the  values  given  dimensions  of  lens  are:  Glass  1, 100;  glass  II, 
105;  glass  III,  113;  quartz,  135.  Hence  it  is  possible  to  obtain  a  rela- 
tive scale  of  hardness  which  is  not  affected  by  the  discrepancies  here 
discussed,  and  therefore  some  certain  progress  has  been  reached,  from 
a  practical  i>oint  of  view  at  least. 

(5)  Summarizing  the  above,  I  am  bound  to  confess  that  the  canse  of 
the  discrepancy  between  theory  and  experiment  has  thus  far  eluded 
me.  A  gap  must  therefore  be  left  in  the  theoretical  side  of  the  inquiry, 
with  reference  to  which  I  would  like  to  hazard  the  following  sugges- 
tions: Compatibly  with  the  relations  which  I  have  found  experi- 
mentally, the  last  of  the  equations  (4)  leads  to  very  different  values  of 
Pi  when  different  test  lenses  are  employed.  If  therefore  Pi  be  termed 
the  hardness  of  the  material,  the  formula  has  no  concrete  meaning. 
Hence,  either  the  stated  definition  of  hardness  must  be  rejected  or  one 
of  the  conditions,  subject  to  which  the  equation  was  deduced,  is  not 
applicable.  Saliently  among  these  is  the  assumption  that  plate  and 
lens  are  of  the  same  material,  and  are  therefore  necessarily  identical  as 
to  hardness.  If  this  is  not  the  case,  then  the  hardness  of  one  of  the 
parts  of  the  system  is  to  be  expressed  in  terms  of  the  other  (the  equa- 
tions for  this  computation  are  of  an  involved  character),  and  with  the 
aid  of  the  observed  data;  or  equation  (4)  can  only  yield  a  rough  value  for 
the  mean  hardness  of  the  system  of  plate  and  lens  at  best.  The  point 
which  I  am  approaching  is  this :  Even  if  the  lens  and  plate  be  cut  from 
the  same  homogeneous  solid  it  does  not  follow  that  they  are  necessa- 
rily equally  hard,  for  hardness  may  reasonably  be  conceived  to  vary 
both  with  the  substance  and  with  the  superficial  curvature  of  the  parts 
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at  the  iMiiiit  of  exauiiuation.  Clearly,  in  such  a  ease,  liardiiess  would 
increase  with  the  eurvature  at  the  point. 

Evidence  in  favor  of  this  surmise  is  already  available,  seeing  that 
whenever  the  above  experiments  are  carefully  planned  and  execMited, 
rupture  always  occurs  in  the  plate,  while  the  lens  remains  intact. 
Hence,  in  proportion  as  the  lens  is  more  convex  it  is  also  harder,  and 
the  value  of  the  mean  hardness  of  the  system  obtained  from  equation 
(4)  must  therefore  increase  with  the  lens  curvature.  This  is  what  the 
experiments  actually  indicate.  Pursuing  this  suggestion  further,  it 
follows  that  the  equation  expressing  the  hardness  of  the  lens  will  be 

P 

where  a  is  the  hardness  of  a  plane  surface  of  the  given  material  (a 
constant  which  might  be  called  intrinmc  Imrdnesn)^  and  b  the  curva- 
ture constant,  or,  as  it  might  be  called,  surface  hardness.  The  close 
analogy  between  b  and  the  surface  tension  of  liquids  is  obvious  at  a 
glance.^ 

As  a  second  suggestion,  I  should  like  to  propose  a  change  of  Hertz's 
definition  of  hardness.  Hertz's  characteristic  contains  three  elements; 
it  is  (1)  a  pressure,  (2)  its  direction,  Z,,  is  normal,  and  (.3)  it  refers  to 
the  center  of  the  impressed  surface. 

Since  the  criterion  incase  of  brittle  bodies  is  the  occurrence  of  rupt- 
ure, /.  €.,  a  separation  of  parts,  the  immediate  cause  can  not  be  pressure 
but  tension.  Furthermore,  the  crai^k  passes  from  the  surface  2^  =  0,  not 
(luite  normally  perhaps,  but  nearly  so,  into  the  interior;  and  hence  it 
is  not  Z^  but  an  oblique  pressure,  indeed  almost  a  lateral  pressure,  A\, 
which  is  pre-eminently  active.  Finally  since  the  crat^k  encircles  the 
area  of  contact,  the  component  A\  is  here  to  be  inserted.  Unfortu- 
nately the  complexity  of  the  formulie  is  such  that  a  full  solution  of  the 
problem  can  not  be  obtained  for  this  case;  they  show  however  that 
A\  reaches  its  maximum  negative  value  on  the  outside  of  the  surface 
of  contact,  and  that  the  maximum  is  differently  related  to  the  lens 
curvature  from  the  normal  pressure.  Obviously  the  latter  is  dependent 
on  curvature  in  two  dimensions,  the  other  on  the  curvature  in  a  single 
dimension.  In  short,  even  if  the  experiment  leads  to  diflferent  values 
of  (Z^)max  according  as  different  lens  curvatures  apply,  it  does  not  fol- 
low that  these  different  values  may  not  all  coiTcspond  to  one  and  the 
same  (Xj)mmx'  Perhaps  these  considerations  may  even  be  put  more 
clearly  by  calling  to  mind  that  the  maximum  pressure  on  the  surface 
produces  no  appreciable  effect  in  this  surface  at  all ;  its  action,  however. 


An  anted  analogy  is  given  by  the  tensile  streiigtli  of  iron  wire,  which,  according 
to  Baumeister  ( Wied.  Ann.,  vol.  18, 1883,  p.  578),  is  greater  in  proportion  as  the  thick- 
ness of  the  wire  is  smaUer.  I  have  found  that  the  law  here  is  f' =  const. -^rf,  or 
identical  with  the  above  relations.  Some  exceptions  may  reasonably  be  taken  to 
all  of  these  points. 
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i8  distributed  radially  uutil  a  line  of  rupture  is  the  visible  result.  Heuce 
it  is  not  remarkable  that  constant  results  can  only  be  reached  if  P  is 
divide4  by  a  low  power  of  J). 

VIII.  DATA  FOR  HARDNESS  AND  ELASTICITY. 

The  remarks  of  the  preceding  paragraph  have  shown  that  though  the 
theoretical  questions  encountered  in  the  present  paper  are  in  need  of 
further  elucidation,  the  considerations  involved  do  not  much  affect  the 
practical  side  of  the  issue.  I  have  already  pointed  out  that  irrespective 
of  the  shortcomings  of  the  theory,  the  relative  scale  of  hardness  is 
vouched  for.  Again  there  is  one  particular  case  in  which  the  data  are 
virtually  absolute.  This  occurs  when  the  curvature  of  the  lens,  p=l. 
Finally  the  absolute  value  of  the  data  obtained  will  necessarily  be  gen- 
eral, since  the  facts  show  that  by  multiplying  Hertz's  expression  by 
^  Vp,  the  results  for  a  given  substance  are  constant  throughout.  This 
datum  may  safely  be  taken  as  the  absolute  hardness  of  the  body, 
although  its  mechanical  interpretation  is  not  quite  apparent  nor  quite 
certain:  Furthermore  even  these  strictures  will  disappear,  if  the 
occurrence  of  a  particularized  surface  hardness  can  be  inferred  from 
other  and  indei)endent  experiments,  or  if  the  dependence  of  tenacity 
and  of  hardness  on  lens  curvature  can  be  similarly  computed  in  all 
cases.  With  these  conditions  premised  the  quantity  P,  ^  p  may  be 
termed  the  absolut-e  hardness  of  the  body,  and  hence 

To  give  an  example  of  the  fluctuations  here  in  question,  the  following 
two  series*  of  individual  values  of  hardness  may  be  adduced: 


GlaMl. 
p^lO  . 
Quarts. 
p=l   .. 


l«=ll 

220 
234 

230  ; 

222 
222 

218 
231 

JH     1 

298 

281 

290 

208 

285  1 

290 

1 227  f 2. 
|292±2. 


It  was  my  habit  to  compute  all  the  values  of  H  individually.    From 
these  the  following  mean  values  of  hardness  were  derived: 


/>= 

'    1 

3 

K 

5 

1 
1 

10 

12 

Glass  I 

228 

215 

244 
298 

214 

GlaasII  ....!.. 

222 

227 

Glass  III...  .. 

237 

QnartK 1 1 

X  to  axis  .  5  1 

1 
292    . 

293 

^^*      ,      ^  values. 

' 214±1 

223    226v2 

236  239i^2 

293  1 295^^2 


These  data  show  a  sequence  of  values  which  in  the  first  place  is 
qualitatively  in  accord  with  the  usual  scale  of  hardness  (glass  4  to  6, 
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quartz  7).  They  further  show  a  highly  satisfactory  degree  of  accord- 
ance (remembering  always  that  this  is  the  first  attempt  made  to  define 
hardness  rigorously);  for  the  errors  lie  within  1  per  cent.  In  case  of 
the  individual  values  for  glass  even  the  extreme  data  lie  far  enough 
apart  to  indicate  the  difference  of  material.  Nor  is  it  remarkable  that 
the  value  for  quartz  is  not  larger  relatively  to  glass,  seeing  that  all 
these  bodies  are  closely  related  to  each  other.  Indeed,  I  shall  show 
elsewhere  that  quartz  plates  cut  parallel  to  the  axis  are  not  harder 
than  glass  of  average  hardness. 

Inasmuch  as  hardness  thus  appears  as  a  particular  kind  of  tenacity, 
it  is  interesting  to  compare  the  results  obtained  with  tenacities 
obtained  by  other  and  more  common  methods.  This  can  at  once  be  done 
for  glass,  thanks  to  the  elaborate  reserches  of  v.  Kowalski.*  I  will 
therefore  compare  his  data  for  Thuringiay  glass  with  the  mean  of  my. 
values  for  hardness 

Tenacity  of  glass  in  kg/mm^ 

Tension 8. 8 

Flexure 8. 8 

Torsion 10. 1 

Compression 37. 7 

Hardness 228. 

Hence  longitudinal  and  flexuml  tenacity  are  about  equally  large, 
torsional  tenacity  is  somewhat  larger,  compressional  tenacity  four  times, 
and  hardness  twenty-six  times  as  large  as  the  first  quantity. 

I  shall  now  attempt  to  avail  myself  of  equation  (5)  and  thus  obtain 
the  elastic  constant  K*  and  possibly  the  modulus  E". 

The  following  values  obtain  for  E'. 


C.  law  III. 

1 
Quartz. 

7764 

]0  Iftl 

i45 

±18 

I  Material.  j  Glaa»  I.  i  Glass  II. 

I I    ___  _L  _ 

I  E'= 5592  I  G960 

Probable  error—     I  +15  1  ±24 

.1 1 ; 

Now  W  contains  both  U  and  /i,  and  these  can  be  individually  meas- 
ured only  by  a  combination  of  methods;  for  instance,  from  data  for 
flexure  and  torsion,  or  for  longitudinal  extension  and  radial  contrac- 
tion.  In  view  of  the  peculiar  signification  of  E\  it  is  possible  to  obtain 
approximate  results  at  least,  without  special  experiments ;  for  ^  occurs 
in  JE^  in  the  form  of  (1— /z^),  a  function  which  does  not  markedly  change 
even  if  the  extreme  values  for  m  be  inserted. 

According  to  Coruu,t  Everett,!  Voigt,§  Cantone,||  and  v.  Kowalski fl 


*V.  Kowalski:  '*Tenacitj-  of  glass."     Wied.  Ann.,  1889,  vol.  xxxvi,  p.  307.     The 
older  results  of  Wertheim  are  much  smaller. 
tComu:  Compt  Hend.,  1869,  vol.  lxix,  p.  333. 
t Everett:  Phil,  Trans.,  1867,  p.  139. 
4  Voigt:  Wied.  Ann.,  1882,  vol.  xv,  p.  497. 
llCantone:  Ace.  Line,  1888,  vol.  iv,  pp.  220,  292. 
If  Kowalski,  I.  c,  p.  15. 
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the  values  of  ^  for  glass  lie  between  0^08  and  0.264,  and  for  these 
extremes  the  values  of  (1— /i^)  are  0.957  and  0.930,  respectively.  Fur- 
thermore, the  mean  value  and  probable  error  of  /i  will,  in  consideration 
of  the  weights  of  the  individual  measurements,  be  /i=0.225zt  0.008,  and 

therefore, 

(l-yu2)  =  0.949  ±0.003. 

Hence  the  error  woidd  be  no  larger  than  one- third  per  cent,  but  for  the 
fact  that  }JL  is  only  given  for  very  small  strains.  In  case  of  marked 
deformation  /v,  according  to  Rontgen*  and  others,  is  smaller;  and  when 
the  body  is  incompressible  (where  //  =  0.5),  the  decrease  in  question  is 
pronounced.  These  extreme  conditions  are  without  relevancy  in  the 
present  ca«e,  and,  proceeding  from  analogy,  I  shall  put 

(l-;4»)  =  0.97  ±0.01, 

so  that  the  probable  error  is  1  per  cent.  Hence  to  compute  E  it  is 
merely  necessary  to  deduct  3  per  cent  from  E\  whence 


Material.    .  GlasH,  I.  '  Glaus,  II 


E=. 


5424  1  6751 


Glaiw.  III.I 


7531 


The  elasticity  of  different  glasses  is  therefore  subject  to  large  varia- 
tions, and  it  is  scarcely  possible  to  make  a  detailed  comparison  with 
the  results  of  other  observers,  as  long  as  the  character  of  the  glass  in 
question  is  not  definitely  specified.  In  how  far  my  results  are  in  keep- 
ing with  such  value  may  be  gathered,  in  a  general  way,  from  the  follow- 
ing interesting  table : 


SabHlance. 


Observer. 


Soft  glans Auerbach 

Crystal,     contain-  Wertheim*  .. 
iiig  Pb. 

Greenish  glass Voigt* 

Tharingian  glass v.  Kowalski'. 

Half  hard  glass '  Auerbach 

Crystal Werthcim  . .. 

PUte glass Pscheidl*...- 


E. 


Substance. 


Observer. 


5424      PUte  glass Worth.^im  . 


5477 

6480 
6702 
6751 


Voigt. 


Plate  glass.   Rhen- 
ish. 

Ghiss  of  Furth Pseheidl . . . 

Belgian  glass Pseheidl . . . 

Hani  glass Auerbach . . 

6890   I  liohemian  glass Pseheidl . . . 

6920      Window  glass 1  Wertheim  . 


7015 
7358 

742^ 
7493 
7531 
7550 
7917 


•Wertheim  and  Chevandier:  Compt.  Rend.,  1845,  vol.  xx.  p.  1637. 

«  Volgt:  Wied.  Ann.,  1882,  vol.  xv.  p.  497. 

*v.Kowalski:  Lcp.lO. 

♦Pseheidl :  Wiln.  Ber..  1877,  vol.  Ixxix,  p.  114 ;  1882,  vol.  Ixxxvi,  p.  1 15. 


It  is  my  purpose  to  carry  out  a  comparison  of  this  kind  systematic- 
ally, by  testing  both  the  modulus  of  elasticity  and  the  hardness  of  a  great 
variety  of  glasses. 


*  Rontgeu :  Pogg.  Ann.,  1876,  vol.  clix.  p.  601. 
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For  quartz  thr  value  jj.  has  no  immediati*  meaning,  but  the  factor 
with  which  E^  is  to  be  multiplied  to  obtain  the  modulus  J^o  in  the  direc- 
tion of  the  axis  is  certainly  nearer  1  than  in  the  case  of  i^lass,  seeing  that 
both  hardness  and  elasticity  are  more  pronounced  in  the  former  case. 
Hence,  the  error  made  by  putting  I]o=W  or  J5Jo= 10164  will  not  be 
larger  than  2  per  cent.  Indeed,  this  value  when  compared  with  Voigt's 
value,  ^0=10304,  agrees  with  it  to  about  1  jwr  cent.  In  consideration 
of  the  totally  different  methods  by  which  the  two  results  are  reached, 
the  agreement  is  very  satisfiictory.  Moreover,  since  the  two  data  cor- 
respond to  different  intensities  of  strain,  complete  co-incidence  is  not  to 
be  looked  for. 

I  will  close  with  a  short  comparistm  of  the  values  of  hardness  and 
elasticity.  It  appears  at  once  that  the  harder  of  two  bodies  is  the 
more  elastic,  but  hardness  increases  less  rapidly  than  elasticity.  If  If 
be  expressed  in  per  cents  of  £7,  the  following  values  obtain :  Glass  I, 
3.9;  glass  II,  3.3;  glass  III,  3.2;  quartz,  2.9.  This  state  of  things  is 
strikingly  manifest  in  the  experiments  themselves.  One  would  natur- 
ally expect  that  greater  pressures  are  to  be  brought  to  bear  in  the  cases 
of  the  harder  and  more  elastic  bodies.  As  a  rule  the  reverse  of  this  is 
the  fact.  For  in  the  case  of  the  softer  material  the  surface  of  contact 
rapidly  increases,  and  hence  greater  pressures  must  be  exerted  to  pro- 
duce the  same  stress  per  unit  of  area. 
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THE  FLOW  OF  SOLIDS,* 
OR  THE  BEHAVIOR  OF  SOLIDS  UNDER  HIGH  PRESSURE. 

By  William  Hallock. 


Among  the  many  physical  questions  that  are  of  vital  interest  to  the 
student  of  structural  geology  the  one  which  may  well  contend  for  a 
position  in  the  front  rank  is,  What  is  the  effect  of  pressure,  with  or 
without  a  rise  of  temperature,  upon  the  rocks  and  rock-making  magmas 
which  form  the  outer  shells  of  our  earth!  As  a  very  important  subdi- 
vision of  this  general  question  we  have  this :  What  is  the  effect  of  pres- 
sures upon  so-called  solids  without  any  rise  in  temx)erature  above  a  point 
far  removed  from  the  ordinary  melting  point?  In  other  words,  can  we 
liquefy  solids  by  pressure  alone?  As  corollaries  we  have  any  pecu- 
liarities at  the  instant  of  liquefaction  and  possible  chemical  reaction 
during  this  state  of  enforced  liquidity. 

These  questions  have  long  formed  the  subject  of  theoretical  discus- 
sion, but  in  spite  of  the  fundamental  importance  of  their  satisfactory 
and  final  settlement  they  have  seldom  been  investigated  experimen- 
tally, doubtless  owing  to  the  diificulty  of  obtaining,  measuring,  and 
managing  sufficiently  high  pressures. 

Walther  Spring  may  perhaps  be  rightfully  called  the  pioneer  in  this 
work,  having  within  the  last  few  years  published  the  results  of  much 
experimental  work  upon  this  question.  His  memoirs  t  would  seem  to 
prove  without  doubt  and  finally,  that  pressures  under  7,000  atmos- 
pheres will  liquefy  the  large  majorityj  of  solids,  and  it  is  only  a  ques- 


*  From  Bulletin  No.  .7,7  of  the  U.  S.  Geological  Survey, 

t  Bull  de  VAcad.  dc  Belg.,  1880,  2d  Her.,  vol.  XLix,  and  1885,  3d  ser.,  vol.  ix;  and 
Bull,  de  la  Soc.  ('him.  de  Paris,  1883,  vol.  xxxix,  and  1886,  vol.  XLVi. 
XBulh  de  VAcad.  de  Bvltj.,  1880,  2<1  ser.    vol.XLix. 
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tion  of  a  little  higher  pressure  to  accomplish  the  result  even  with  the 
most  refractory.  Further  than  this,  Mr.  Spring  has  investigated  the 
second  corollary,  and  finds  that  chemical  reaction  takes  place  during 
this  fusion;*  at  least  when  the  volume  of  the  products  is  less  than  that 
of  the  original  substances. 

Unfortunately  however  for  the  conclusive  character  of  Mr.  Spring's 
works,  they  have  been  seriously  caUedinto  question,  especially  by  Oh. 
Friedel.t  Eduard  Jannetaz}  repeated  many  of  Spring's  experiments, 
and  his  results  confirm  FriedePs  criticisms  rather  than  Spring's  conclu- 
sions, which  he  ( Jannetaz)  contradicts  in  every  essential  point. 

Such  was  practically  the  condition  of  the  question  two  years  ago, 
when  the  Director  of  the  U.  S.  Geological  Survey,  J.  W.  Powell,  re- 
quested me  to  devote  my  time  and  thoughts  to  what  we  hoped  would 
be  Its  final  settlement.  § 

It  would  be  unjust  to  leave  unmentioned  here  the  elaborate  and  ex- 
haustive series  of  experiments  made  by  Henri  Tre«ca||  on  *Hhe  Flow 
of  Solids,"  which  are  fundamental  as  regards  the  point  investigated, 
which  however  is  but  a  small  part  of  the  general  question. 

In  order  that  my  meaning  may  be  clear,  I  wish  for  myself  and  for 
this  paper  to  impress  certain  meanings  ui)on  certain  terms  or  words. 
Primarily,  I  wish  strongly  to  distinguish  between  causing  a  body  to 
"flow"  and  rendering  it  a  true  liquid.  Any  substance  may  "flow" 
when  the  force  acting  to  cause  the  molecules  to  change  their  relative 
positions  is  greater  than  the  force  with  wliich  the  molecules  are  held  in 
their  original  positions;  i.  e.,  is  greater  than  the  rigidity  or  viscosity  of 
the  substance.  This  can  occur  from  two  causes, — an  increase  of  the 
force  tending  to  disturb  the  molecules,  or  a  diminution  of  the  resisting 
I)ower,  the  rigidity  of  the  material.  The  first  cause  may  take  the  form 
of  pressure,  strain,  or  such  like  force;  the  second  cause  is  heat,  and 
possibly  other  agencies.  Whether  rupture  or  flow  takes  place  when 
the  deforming  overcomes  the  resisting  force  depends  upon  the  nature 
of  the  substance,  its  limiting  conditions,  and  the  time  allowed  for  theao- 
complishment  of  the  motion. 

It  is  impossible  to  draw  a  shar])  line  between  "  liquids"  and  "  solids;" 
for  convenience  they  may  well  be  classed  as  true  liquids,  viscous 
liquids,  viscous  solids,  true  solids.  In  the  first  class  would  fall 
such  substances  as,  in  a  small  fraction  of  a  second,  fill  their  containing 


*BuU  de  VAcad.  de  Belg.,  1880,  2d  ser.,  vol.  XLix,  and  1885,  3d  ser.,  vol.  ix;  and 
Bull,  de  la  Soc.  Chim.  de  Paris j  1883,  vol.  xxxix,  and  1886,  vol.  XLvr. 

t  Ch.  t^iedel,  Bull,  de  la  Soc.  (^him.  de  Paris,  1883,  vol.  xxxix,  p.  626. 

\  Ed.  Jannetaz,  Bull,  de  la  Soc.  Chim.  de  Paris,  1884,  vol.  xx;  Bull,  de  la  Soc.  Mineral, 
de  France,  1885,  vol.  vrii,  p.  168. 

$  This  paper  is  essentially  taken  irom  a  report  made  to  Maj.  Powell,  dated  at  Wa- 
tertown,  Mass.,  September,  1885. 

II  Henri  Tresca,  J/<^i.  de  Vlnst.  Savantes  l^trangers,  1868,vol.  xvni.  Comptes  Bendus, 
1868,  vol.  Lxvi;  1869,  vol.  LXVIII.     See  Tresca,  in  Bibliography,  at  end  of  article. 
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vessel  to  a  horizontal  surface.  As  trae  liquids  we  should  then  have 
such  as  alcohol,water,  glycerine,  molasses,  etc.  Viscous  liquids  require 
several  seconds  to  fill  thetr  containing  vessel  to  a  level  surface;  thick 
tar  is  a  good  example.  When  the  substance  requires  hours  or  even 
weeks  in  which  to  yield  to  gravity  and  change  its  form,  I  would  call  it 
a  \ascous  solid;  paraffin,  shoemaker's- wax,  and  even  lead  and  some 
other  metals  are  such.  A  true  solid  retains  its  original  shape  indefi- 
nitely under  ordinary  conditions  of  pressure  and  temperature,  as  steel, 
glass,  etc.  Of  course  such  a  thing  as  an  absolutely  or  perfectly  rigid 
substance  is  as  unknown  to  us  as  is  an  absolute  or  perfect  fluid. 

If  the  above  ideas  are  correct,  "true  liquefaction ''  is  the  diminishing 
of  the  rigidity  or  viscosity  of  a  substance  until  its  molecules  change 
their  relative  positions  as  easily  as  in  a  true  liquid. 

I  give  these  definitions  merely  that  I  may  be  understood  in  the  use 
of  these  terms,  and  not  because  I  think  them  new  or  especially  good. 
In  order  that  a  substance  may  undergo  a  change  in  its  chemical  or 
crystalline  character,  it  is  undoubtedly  necessary  that  it  should  be  in 
the  condition,  at  least,  of  a  viscous  solid,  so  that  the  molecules  can 
slowly  re-arrange  themselves,  if  there  be  any  force  urging  them  thereto. 
Our  question  is.  Will  pressure  alone  impart  to  the  molecules  such  a 
freedom  of  motion!  A  priori  it  is  inconceivable  to  me  how  or  why  it 
should.  For  with  the  exception  of  a  few  isolated  substances  at  particu- 
lar temperatures — as  water  between  A9  C.  and  ice  at  zero — an  increase 
of  liquidity  or  a  diminution  of  rigidity  is  simultaneous  with  an  increase 
of  volume — that  is,  with  an  increase  of  the  inter-molecular  distances, 
which  is  accomplished  by  "  heating"  the  substance.  In  general^  for  one 
and  the  same  substance  over  considerable  ranges  of  condition,  the 
rigidity  diminishes  as  the  inter-molecular  distances  increase,  llo  w  then 
can  pressing  the  molecules  nearer  together  be  expected  to  give  them  a 
property  which  always  accompanies  their  separation! 

THE   APPARATUS. 

The  first  requisite  lor  the  experiments  was  pressure,  and  naturally 
desiring  the  best  machine,  we  were  able,  through  the  kindness  of  Gen. 
Bendt,  Chief  of  Ordnance,  to  have  the  use  in  its  spare  moments  of  the 
testing  machine  built  by  A.  IT.  Emery  for  that  department,  and  situated 
at  Watertown,  Mass.  This  machine  undoubtedly  enables  the  operator 
toobtain — measure — and  manage — high  pressures  better  than  any  other. 

Personally,  I  am  greatly  indebted  to  Capt.  J.  Pitman,  of  the  Oird- 
nance  Corps,  for  suggestions  as  well  on  the  construction  of  the  holders 
as  on  the  theoretical  points;  and  also  to  Mr.  J.  E.  Howard,  the  engi- 
neer in  charge  of  the  testing  machine,  for  his  knowledge  of  the  capacity 
of  materials,  and  their  best  shape  and  quality  to  obtain  the  results 
desired.  The  apparatus  was  constructed  by  the  American  Tool  and 
Machine  Company  of  Boston,  Mass. 
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For  the  prelimiaary  tests  it  seemed  desirable  to  have  a  holder  which 
could  l)e  opened^  so  as  to  show  the  compressed  material  in  position,  and 
finally  the  following  form  was  adopted: 


V. 


r 


Diagram  of  apparatus  used  in  work  on  high  presanres. 

t 


J  ' 


^ 


FiQ.  1. — Longitudinal  Bectioii. 


Fio.  2.— TransYorse  section. 

Fig.  1  shows  a  longitudinal  section  on  A  A  of  Fig.  2.  Fig.  2  shows 
a  transverse  section  across  the  holder  on  the  plane  B  B  of  Fig.  1.  E  E 
are  the  two  halves  in  contact  at  A  A,  inclosing  the  cylindrical  hole  F,in 
which  the  substance  to  be  pressed  is  placed,  li  h  are  strips  of  tissue 
paper,  used  as  packing  between  two  halves.  I  and  I',  Fig.  1,  are  the 
two  pins,  acting  as  pistons,  fitting  into  the  hole  F,  to  transmit  the 
pressure;  a  a  and  a  a  are  copper  "  gas-checks,''  placed  in  firont  of  these 
pins,  to  fiare  out  and  fill  tightly  the  hole,  preventing  any  escape  of 
material.  Figs.  1  and  2  are  about  one-sixth  of  natural  size.  Fig.  3 
shows  the  manner  in  which  the  apparatus  was  held  in  the  testing  ma- 
chine and  the  pressure  applied.  P  P  P  and  P'  P'  P'  are  the  jaws  of 
the  hydraulic  clamps  of  the  machine  (capacity  1,000,000  pounds).  H 
H  are  merely  blocks  to  enable  the  clamp  to  properly  hold  the  holder 
E  E.  I^  is  a  block  to  hold  the  back  stationary  pin  in  place.  The  let- 
tering in  Figs.  1  and  2  apply  in  Fig.  3.  V  V  is  the  hydraulic  clamp 
on  the  fixed  end  of  the  testing  machine  where  the  pressure  is  weighed. 
The  block  B  B  moves  on  a  spherical  surface  (R  E)  on  the  plate  T  T, 
thus  permitting  the  adjustment  of  the  face  of  O  perpendicular  to  the 
line  of  pressure  or  parallel  to  the  rear  surface  of  the  pin  I.  To  apply 
the  pressure,  the  movable  clamp  P  P'  is  forced  toward  V  V  by  a 
hydraulic  piston,  thus  forcing  the  holder  E  E  over  the  pin  resting 
against  O ;  the  pressure  on  O  is  measured  by  the  hydraulic  balance 
of  the  machine.  In  this  manner  a  total  compressive  power  of  one 
million  pounds  was  available,  but  as  the  pins  yielded  at  110,000  pounds 
per  square  inch,  the  tests  were  not  carried  above  6,409  atmospheres, 
or  96,000  pounds  jyer  square  inch. 
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Fia.  3.— PftTt  of  testing  machine. 

Experiments. 

With  the  above  apparatus,  used  as  described,  the  followiug  tests  were 
made: 

FIRST   TKST, 

A  pai>er  roll  coutainiug  1.557  pounds  **e.  j).  granulated  lead'"  was 

placed  in  the  hole  F,  the  gas-checks  and  pins  were  inserted,  the  holder 

halves  clami>ed  together,  and  the  pressure  was  alowltf  applied;  the 

amount  of  compression  was  measured  in  the  distance  to  which  E  E  had 

H.  Mis.  334,  pt.  1 10  ^ 
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been  forced  over  the  right-hand  i>iii.  Multiplying  the  simultaneous 
loads  and  compressions,  we  obtain  the  work  done,  and  hence  the  possi- 
ble heat  generated.  In  this  experiment  the  work  done  was  2,330  foot- 
pounds, or  3.0  thermal  units,  1  pound  1^  F.,  suflficient  to  raise  1.567 
pounds  lead  alone  about  63^  F.,  or  34^  C.  If  the  heat  generated  is  dis- 
sipated into  the  holder  E  B,  as  is  sure  to  be  the  case,  the  rise  in  tem- 
perature would  be  less  than  1^  C,  or  1^.8  F. 

Under  a  pressure  of  6,000  atmospheres  the  granular  lead  showed  not 
the  least  sign  of  true  liquefaction.  It  was  merely  pressed  together,  and 
could  easily  be  broken  up  and  reduced  to  the  original  grains  between 
the  thumb  and  finger.  It  is  true  these  experiments  were  not  performed 
in  vaeuo^  a  condition  which  Walther  Spring  considers  of  importance. 
But  if  there  is  a  true  liquefaction,  why  does  not  the  air  rise  to  the  top 
of  the  cavity  and  allow  fusion,  as  it  does  when  the  granular  lead  is 
heated  f    There  is  no  liquefaction,  only  a  pressing  and  sticking  together. 

SECOND   TEST. 

Next  0.672  pounds*  of  antimony  was  ground  in  a  mortar  until  it  went 
through  a  48-sieve,  and  then  it  was  similarly  submitted  to  6,000  atmos- 
pheres pressure,  with  the  same  result;  the  grains  were  simply  stuck 
together,  and  were  perfectly  distinct  in  their  original  fonn.  The  cylin- 
der formed  was  hard  and  tenacious,  but  gave  no  signs  of  liquefaction 
or  recrystallization.  The  work  done  in  this  case  might  have  raised  the 
antimony  alone  230^  F.,  or  110*^  C,  or  holder  and  antimony  l^.S  F.,  or 
IOC. 

THIRD  TEST. 

Well-crystallized  calcite,  0.271  pounds!  was  ground,  put  through  a 
48-sieve,  and  submitted  to  a  pressure  of  6,000  atmospheres,  producing 
practically  no  effect,  the  resulting  mass  beuig  easily  broken  between 
the  thumb  and  finger. 

Finding  it  useless  to  have  large  quantities  of  the  compressed  material 
for  elaborate  examination,  it  was  decided  to  expedite  matters  by  putting 
in  several  substances  at  one  time,  aud  the  following  rather  crucial  test 
was  made: 

FOURTH  TEHT. 

L  H,  left-hand  pin,  stationary.     R  H,  right-hand  pin,  entering  the 
hole  F,  moving. 
The  charge  was  composed  a^s  follows: 

A.  SmaU  section  of  antiinony  from  test  IL 

B.  A  stick  of  beeswax,  whittled  round,  nearly  fitting  the  hole. 

C.  A  stick  of  paraffin,  whittled  round,  nearly  fitting  the  hole. 

D.  Bismuth  prepared  like  the  antimony  for  test  II. 

E.  Paraffin,  same  as  (\ 

F.  Lead  from  test  I. 


*  0.672  p<nind8  antimony,  solid,  filled  the  hole  F,  5  inches  long. 
t  0.271  pounds  of  solid  I'alcite  fills  the  holder,  5  inches  in  length. 
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d  d  were  double-poiuted  tackn  stuck  into  the  top  of  the  beeswax  and 
paraffin,  and  at  a  and  c  two  old  silver  3-cent  pieces  were  laid  on  top  of 
the  wax  and  the  paraffin  in  the  cylinder. 


Fio.  4. — Diagram  showing  experiment. 

What  are  we  to  expect?  The  silver  pieces  and  tacks  would  fall 
through  the  liquid  wax  and  paraffin,  and  B  and  0,  if  liquid,  would  mix. 
Nay,  according  to  Spring's  results,  we  should  expect  to  find  along  the 
lower  part  of  the  mold  a  semicylindrical  piece  of  an  alloy  of  lead,  anti- 
mony, bismuth,  possibly  silver  and  iron,  and  above  this  the  mixture  of 
paraffin  and  wax.  The  actual  result  was  that  the  substances  all  came 
out  just  a^s  they  went  into  tlie  press.  There  was  not  the  slightest  trace  of 
a  tendency  to  flow  on  the  part  of  the  metals;  the  lead  and  antimony  re- 
mained as  they  were,  the  bismuth  acted  precisely  as  did  the  antimony 
in  test  II.  There  was  no  sign  of  fusion  of  the  wax  and  paraffin,  which 
separated  on  their  surface  of  contact  (between  B  and  O)  clear  and  dis- 
tinct, a,  Cj  dj  and  d  did  not  sink  to  the  bottom — on  the  contrary,  they 
retained  their  original  positions;  and  the  silver  pieces  were  forced 
against  the  fop  of  the  cylinder  so  powerfully  that  their  impression  left 
in  the  steel  holder  was  easily  seen  and  felt,  and  the  pieces  were  bent 
cylindrical,  fitting  the  inside  of  the  holder.  Here  we  find  a  much  greater 
rigidity  of  wax  and  pjiraffln  under  pressure  than  ordinarily  supposed 
possible  under  any  circumstances. 

Nowhere  was  there  a  sign  of  true  liquefaction.  The  wax  and  paraffin 
had  acted  only  as  viscous  solids,  and  flowed  only  to  fill  the  available 
opening. 

FIFTH   TEST. 

In  a  similar  way  the  following  substances  were  subjei*.t<*d  to  a  pres- 
sure of  6,000  atmospheres,  with  the  results  as  stated : 

Sodium  carbonate,  dry. — Stuck  t<ij^ether  slightly,  resembling  chalk;  easily  cut  with 
a  knife. 

Sodium  sulphate. — Probably  dissolved  in  its  water  of  crystallization  ( IOH2O) :  it  was 
forced  out  between  the  halves  of  the  holder  as  a  milky  liquid  which  solidifieil. 
The  little  left  in  the  holder  resembled  paraffin  in  appearance,  but  soon  weath- 
ered to  a  white  powder. 

Zinc  sulphate  (-f-THaO;. — No  signs  of  fusion ;  merely  stuck  together;  the  original 
pieces  of  crystals  easily  visible. 

Copper  sulphate  (-f5H-jO). — Same  as  zinc  sulphate. 

SIXTH    TEST. 

Potassium  chloride. — Formed  a  hard  lump,  whost;  fracture  resembled  that  of  loaf 
sugar  or  that  of  marble,  with  the  original  crystals  visible;  no  trace  of  fusion. 
Sodium  chloride. — Similar  to  iiotasMiiim  chloride,  only  a  little  more  compact. 
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Ammonium  chloride. — Still  more  compact,  resembles  vegetable  ivory;  possibly  the 
beginning  of  fusion.     Observe  the  order  of  increasing  eftect: 

KCKNaCKNH^Cl. 

Sulphur  roll. — Ground  and  put  through  a48-sieve ;  formed  a  hard,  solid,  brittle  mass, 
but  the  original  grains  were  easily  distinguishable,  there  being  no  trace  of  a  true 
liquefaction. 

SKVENTH   TK8T. 

Powdered  glass. — No  eflfect;  scarcely  coherent. 

Powdered  rosin. — Very  good  fusion. 

Powdered  borax. — A  compact,  chalk-like  mass,  «/i</A(/jy  translucent;  no  crystallization. 

Powdered  zinc  and  sulphur. — ^No  trace  of  fusion  or  chemical  union  apparent.  Car- 
bon disulphide  dissolved  out  the  sulphur  so  completely  that  the  remaining  zinc 
gave  a  mere  trace  of  sulphareted  hydrogen  on  treating  with  hydrochloric  acid. 
The  zinc  was  slightly  coherent,  but  there  was  no  fusion  and  no  zinc  sulphide 
formed. 

After  obtaining  the  above  results  it  seemed  useless  to  continue  this 
line  of  experiments,  and  preparations  were  made  to  use  more  rigid  ste^l, 
by  which  it  was  hoped  that  pressures  of  at  least  10,000  atmospheres 
might  be  obtained;  also  for  making  the  compressions  in  raeuo.  Unfor- 
tunately thus  for  nothing  but  preparations  have  been  made,  since  the 
testing  machine  is  kept  fully  occupied  with  the  special  work  of  the 
department  to  which  it  belongs.  It  is  hoped,  however,  that  this  inves- 
tigation will  soon  be  taken  up  again  and  carried  to  a  close;  till  then 
our  conclusions  are  only  temporary. 

The  above  substances  were  also  compressed  by  W.  Spring*  in  vacuo 
with  the  following  results : 

Lead. — Perfect  fusion  at  a  pressure  of  2,000  atmospheres.    At  a  pressure  of  5,000 

atmospheres  it  ran  out  of  all  the  cracks  (feniet)  of  the  apparatus. 
Bismuth. — At  a  pressure  of  6,000  atmospheres,  perfect  fusion. 
Tin. — At  a  pressure  of  3,000  atmospheres,  fusion. 
Zinc. — At  a  pressure  of  5,000  atmospheres,  perfect  fusiou. 
Antimony. — At  a  pressure  of  5,000  atmospheres,  beginning  of  fusion. 
Sulphur,  prismatic. — At  a  pressure  of  5,000  atmospheres,  fusion  to  the  octahedral 

form. 
Sulphur,  plastic. — At  a  pressure  of  6,000  atmospheres,  fusion  to  the  octahedral  fc»nii. 
Sulphur,  octahedral. — At  a  pressure  of  3,000  atmospheres,  fusion  to  the  octahedral 

form. 
Potassium  chloride. — At  a  pressure  of  5,000  atmospheres,  perfect  fusion. 
Sodium  chloride. — At  a  pressure  of  5,000  atmospheres,  perfect  fusion. 
Ammonium  chloride. — At  a  pressure  of  4,000  atmospheres,  perfect  fusion. 
Sodium  sulphate  (lOHaO). — At  a  pressure  of  3,000  atmospheres,  perfect  fusion: 
Zinc  sulphate  (7H»0). — At  a  pressure  of  5,000  atmospheres,  perfect  fusion. 
Copper  sulphate  (5H.rO). — At  a  pressure  of  6,000  atmospheres,  completely  crystal- 

hzed. 
Sodium  carbonate,  dry. — At  a  pressure  of  5,500  atmospheres.  Htuck  together  (agglo- 

mer^.) 
Iceland  spar. — At  a  pressure  of  6,000  atmospheres,  imperfect  fusion. 
Borax  (crystallized). — At  a  pressure  of  7,000  atmospheres,  imperfiK*-t  fiisit»n. 
Glass  (powdered.) — At  a  pressure  of  6,000  atmospheres,  no  eftect. 
And  so  on  to  the  end. 

*  Jiull,  de  VAcad.  Hoy,  de  Itelg.,  1880,  2d  m'r.,  xi.ix.     ]».  336. 
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Excepting  the  last  tour  substauces  mentioned,  our  i-e^ultn  are  directly 
opposed  to  those  of  Spring,  but  support  the  criticisms  of  Friedel  and 
Jannetaz. 

CONCLUSIONS. 

Conclusions  at  this  stage  of  the  investigation  are  necessarily  prema- 
ture and  tentative  5  still  it  may  not  be  out  of  place  to  summarize  the 
results  of  these  and  other  experiments. 

It  seems  established  that  pressure  alone  can  not  truly  liquefy  a  solid, 
i.  e.,  diminish  its  rigidity.  Consequently,  we  can  scarcely  expect  chem- 
ical and  crystalline  changes  by  pressure  alone.  Solids  can  be  made  to 
flow  and  act  in  that  respect,  as  liquids,  by  pressure,  which  overcomes 
the  rigidity  without  diminishing  it.  In  this  case  the  time  allowed  for 
the  motion  is  of  vital  importance. 

Whether  further  investigation  will  alter  these  conclusions  or  not  is  a 
(juestion  of  time;  at  present,  I  believe  them  the  only  true  ones  to  be 
drawn  from  the  available  facts. 
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THE  SCIENTIFIC  WORK  OP  GEORGE  SIMON  OHMJ 


By  Eugene  Lommel. 

Translated  by  William  Hallock. 


One  hundred  years  ago,  on  the  16th  of  March,  1789,  George  Simon 
Ohm  was  bom  at  Erlangen.  His  father  was  a  lock-smith,  an  unusual 
man,  who  trained  both  his  sons  in  mathematics  as  well  as  his  trade. 
These  gifted  young  men  were  endowed  by  him  with  that  thirst  for 
knowledge  which  led  him  to  devote  his  riper  years  to  mathematical 
studies.  The  younger  brother,  Martin  Ohm,  became  distinguished  as 
a  mathematician,  and  died  as  professor  of  mathematics  at  the  military 
school  at  Berlin.  George  Simon  Ohm  climbed  to  the  lofty  position  of 
those  rare  men  whose  names  shine  with  everlasting  glory  in  the  history 
of  science,  which  they  have  enriched  with  their  wonderful  discoveries. 

Only  a  few  of  his  contemporaries  could  ftilly  appreciate  the  unpre- 
tentious scientist,  or  estimate  the  wide  application  of  his  law  of  the  gal- 
vanic current,  with  the  discovery  of  which  his  scientific  career  com- 
menced. In  the  beginning  of  the  century  Volta  had  discx)vered  his 
^^pile,"  that  most  marvellous  structure  that  the  keenness  of  the  human 
mind  ever  devised.  From  that  moment  numerous  physicists  had  been 
ceaselessly  active,  investigating  in  every  way  the  wonderful  and  mani- 
fold eflfects  of  the  electric  current  which  that  pile  produced. 

The  decomposition  of  water  had  been  discovered  in  1800  by  Nichol- 
son and  Carlisle.  Twenty  years  later  tbe  deflection  of  the  magnetic 
needle  was  observed  by  Oersted.  Thermo-electricity  was  discx)vered  in 
1821  by  Seebeck;  ele<;tro-dynamic  phenomena,  in  1823,  by  Ampere.  In 
1821  Schweigger  and  Poggendorff  invented  the  galvaniscope  ("multi- 
plicator  "),  which  first  rendered  possible  the  accurate  measurement  of 
the  effects  of  the  current  The  multitude  of  observations  became  more 
numerous  in  prox>ortion  as  more  varied  means  of  investigation  became 
available.  Nevertheless  they  were  not  able  to  lift  the  mysterious  veil 
which  shrouded  the  workings  of  the  galvanic  current.  On  the  con- 
trary, they  seemed  rather  to  increase  the  Babel  of  conflicting  theories. 

We  are  filled  with  strange  sensations,  glancing  to-day  through  the 
articles  of  that  time  upon  the  galvanic  current.  We  see  the  most 
exi)erienced  investigators  doubtfiilly  groping  in  darkness  where  to-day, 

*  An  address  deHvered  at  the  public  ineetiug  of  tbo  Koyal  Bavarian  Academy  of 
Sciences  of  Munich,  March  28;  1X89. 
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thanks  to  Ohm's  disfX)very,  all  is  to  us  clear  and  evident.  The  major- 
ity of  the  galvanists  of  the  day  indeed  seemed  contented  in  the  laby- 
rinth in  which  they  had  involved  themselves.  They  did  not  seize  the 
thread  of  Ariadne  which  the  sharp-sighted  investigator  seized  at  last. 
These  pioneer  services  of  Ohm  at  first  remained  generally  unappreci- 
ated. Only  individual  physicists,  like  Poggendorft'  and  Schweigger, 
Pfaff  and  Fechner,  recognized  their  great  importance,  and  with  success 
in  their  work  used  this  new  enunciation.  It  required  a  foreign  impulse 
to  win  recognition  in  Germany  for  his  law  of  the  inten  sity  of  the  current. 
This  law  is  always  meant  when  "Ohm's  law"  is  referred  to.  Pouillet 
established  Ohm's  law  in  France  by  the  articles  which  he  published  in 
1831  and  1837,  five  and  eleven  years,  respectively,  after  Ohm's  discov- 
ery. In  spite  of  this  fact  Pouillet  believed  himself  the  real  discoverer, 
because  he  had  found  it  experimentally.  Pouillet  believed  that  Ohm 
had  only  deduced  it  mathematically  from  certain  hypothetical  premises. 
In  France  the  belief  arose  that  Ohm  found  his  law  by  simple  deduction 
based  upon  an  hypothesis,  and  then  subsequently  verified  it  by  experi- 
ment. This  belief  remains  to  the  present  day  in  spite  of  frequent  con- 
tradictions. It  is  found  to-day  not  only  in  French  treatises,  but,  most 
inconceivably,  even  in  widely  used  Gennan  text-books.  It  would  thus 
appear  by  no  means  superfluous  to  set  forth  the  history  of  Ohm's  great 
discovery,  in  its  actual  course  and  based  upon  original  publications. 

£xi)erimental  investigation  strives  to  recognize  a  law  of  nature  by 
attempting  to  establish  the  dependence  of  the  efifect  in  any  natural 
phenomenon  upon  its  determining  cause.  Measurements  are  made  in 
as  many  individual  cases  as  possible.  Then  some  relation  is  sought, 
in  the  shape  of  an  equation,  which  shall  express  this  dependence  and 
re-produce  all  the  individual  cases  as  accurately  as  possible.  In  the 
choice  of  this  equation  mistakes  will  occur  which  can  not  be  immedi- 
ately detected.  The  one  taken  may  suflSciently  conform  to  the  availa- 
ble observations,  which  may  embrace  too  small  a  range  of  the  determin- 
ing quantity,  and  may  fail  utterly  when  this  range  is  extended.  Then 
it  can  not  be  looked  upon  as  the  expression  of  the  law  of  nature  sought, 
which  must  cover  all  cases  without  exception. 

Ohm  followed  this  experimental  method  when,  in  1825,  he  tried  to 
establish  the  law  of  conduction.  He  was  at  that  time  a  teacher  in  the 
public  school  (gymnasium)  at  Cologne.  The  experiments  made  for  the 
above  purpose  were  described  in  an  article  entitled  "  Preliminary  notice 
of  the  law  according  to  which  metals  conduct  contact  electricity,'^ 
Schweigger's  Journal^  1825,  vol.  XLiv.  His  "  preliminary  notice  "  wiv 
\oo  hasty.    The  formula  which  he  proposed  is  ine^>rrect.    It  is : 


^"^(^+y 


wherein  m  and  a  are  constants,  and  v  the  loss  of  force  on  introducing  a 
length  of  wire  equal  to  x.    Ohm  soon  recognized  the  cause  of  this 
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failoi'e  iu  the  too  limited  raugc  of  liis  experiments  aud  iu  the  Hactua- 
tious  in  the  force  of  the  galvanic  battery.  Much  later  the  invention 
of  the  constant  cell  obviated  these  fluctuations. 

In  the  summer  of  the  same  year,  1S25,  and  in  the  same  volume  of 
Sell  weigger's  Journal^  appears  a  letter  from  Ohm  to  the  editor.  He  says 
in  consequence  of  more  extended  experiments  he  is  moved  to  replace 
his  formula  with  a  new  but  analogous  one.  In  this  the  force  would  only 
vanish  for  a:  =  oo  . 

Not  long  after  this,  in  the  spring  of  1820,  vol.  xliv  of  Schweigger's 
Journal  contained  that  wonderftil  pioneer  work  which  contains  the 
experimental  discovery  of  the  law  of  the  intensity  of  the  current.  Its 
title  is:  "  Determination  of  the  law  according  to  which  metals  conduct 
contact  electricity,  together  with  the  outlines  of  a  theory  of  Volta's 
apparatus  and  the  Schweigger's  galvanoscope.''  In  the  introduction 
to  this  article  Ohm  expresses  the  hope  that  he  is  in  a  position  to 
propose  what  will  appear  to  be  a  true  law  of  nature.  First,  on  account 
of  ite  perfect  agreement  with  experiments  extended  in  all  directions; 
second,  and  especially  because  of  its  simplicity  which  extends  it  to  all 
our  experience  with  the  electric  current.  A  simplicity  such  as  is  only 
found  in  truth. 

The  "fluctuations  of  force"  had  disturbed  Ohm  greatly  in  his  former 
experiments,  Poggendorflf  suggested  that  he  should  use  a  thermo-electric 
instead  of  a  hydro-electric  battery.  This  he  did  and  now  the  law  ap- 
peared in  perfect  distinctness  Irom  his  measurements.  The  inten- 
sity of  the  current  is  directly  proportional  to  the  exciting  force  and 
inversely  proportional  to  the  total  resistance.  This  he  represented  in  the 
equation 


"wherein  X  is  the  intensity  of  the  magnetic  effect  of  the  conductor 
whose  length  is  Xy  a  and  b  represent  constant  quantities  depending 
upon  the  exciting  force,  and  the  resistance  to  conductivity  of  the  other 
X)arts  of  the  circuit. 

In  this  law  he  held  in  his  hand  the  key  to  the  various  riddles  before 
which  physicists  had  hitherto  stood  helpless.  And  indeed  he  knew 
how  to  use  that  key !  Farther  on  he  says :  "  Our  equation  has  now 
sufBciently  established  itself  as  the  accepted  representative  of  nature 
by  the  correctness  with  which  it  always  repeats  the  results  obtained  in 
such  profusion  from  the  thermo-electric  battery.  Let  us  foUow  it  far- 
ther and  see  what  it  may  still  hold  concealed  in  its  lap." 

Ohm  then  developed  the  peculiarities  of  the  galvanic  battery  and 
galvaniscope,  which  till  then  had  appeared  so  confused  and  unintelli- 
ble.  And  we  in  our  text-books  to-day  follow  his  development.  Bub- 
bling over  with  joy  in  the  feeling  that  he  had  beheld  the  face  of  truth, 
he  may  well  feel  a  justitiable  pride.  At  the  close  of  that  wonderftil 
work  he  exclaims:  "The  theories  of  the  battery  and  galvaniscope,  here 
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sketched  iu  rough  outline,  are  eHtablished  even  better  by  the  truth  of 
the  law  of  the  conduction  of  the  current  in  metals  here  set  forth,  than 
they  are  by  the  exiieriments  themselves  from  which  they  were  derived. 
Effects  of  the  galvanic  current  upparently  the  most  varied  ai'e  reduced 
to  a  striking  simplicity.^ 

What  Ohm  here  and  in  the  title  calls  "  theory  "  is  limited  to  the  imme- 
diate consequences  of  his  law  determined  inductively.  It  has  nothing 
in  method  in  common  with  the  truly  so-called  "  theory''  which  he  pro- 
posed much  later  in  his  famous  work,  "  The  Galvanic  Battery,"  and 
which  he  evolved  de<luctively  upon  premises  and  partly  hypothetical 
considerations. 

It  is  hence  perfectly  clear  that  Ohm  discovered  his  law  in  the  purely 
empirical  way.  Six  years  later,  October,  1831,  Pouillet  appeared  in 
an  article  on  the  application  of  the  thermal  battery  to  the  determina- 
tion of  the  law  of  intensities  in  a  constant  current.  What  Pouillet 
believed  himself  the  first  to  do,  had  already  been  done  by  Ohm  in  the 
above  article  in  the  most  complete  manner.  Nowhere  in  his  article  is 
there  so  much  as  a  suggestion  of  a  hypothetical  consideration  which 
might  have  influenced  him  in  the  choice  of  his  mathematical  expression. 
The  fact  above  stated  that  the  formula  first  proposed  was  wrong,  affords 
the  most  striking  proof  that  those  theoretical  considerations  which 
enabled  him  later  to  deduce  his  law  mathematically,  were  at  that  time 
quite  remote. 

Ohm's  name  has  been  made  immortal  by  this  typical  experimental 
treatise.  It  contains  the  discovery  of  the  law  of  the  intensity  of  the 
current,  ftilly  and  completely,  along  with  the  most  important  conclu- 
sions to  be  deduced  therefrom.  In  view  of  this  inherent  value  it  is 
undoubtedly  to  be  preferred  to  the  other  most  important  works  of  Ohm, 
even  to  that  one  most  famous  of  all  his  writings,  "  The  Galvanic  Bat- 
tery  Treated  Mathematically,"  which  has  always  held  the  highest  place 
in  public  estimation.  In  that  experimental  investigation  he  robbed 
nature  of  her  secret  and  announced  that  everlasting  and  immutable 
law  of  nature  which  will  outlive  all  the  variations  of  theoretical  beliefe. 

A  mind  like  that  of  Ohm,  trained  and  accustomed  mathematically  to 
inquire  into  the  causes  of  phenomena,  must  soon  have  felt  the  need  of 
showing  that  what  he  had  inductively  recognized  was  deductively  a 
necessary  consequent  of  simple  conceptions  as  to  the  way  in  which 
electricity  appears  at  the  point  of  contact  of  different  substances  and 
disseminates  itself  in  conducting  materials. 

In  the  same  year  182G  he  published  an  article  entitled:  "Attempt  at 
a  theory  of  the  electroscopic  phenomena  produced  by  galvanic  forces." 
He  reports  the  happy  result  of  his  endeavors  in  that  he  not  only  re-dis- 
covered, in  this  opposite  way,  the  experimentally  determined  law  of 
the  intensities  of  current,  but  also  found  a  second,  no  less  important, 
the  electroscopic  law  or  law  of  tensions. 
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This  commuii legation  was  hut  the  prei*.ursor  of  that/  classic  work  so 
fre<iueiitly  referred  to:  "The  Galvanic  Battery  Treated  Mathematic- 
ally.^ This  he  produced  in  the  quiet  of  a  much-needed  vacation,  and 
published  in  May,  1827. 

In  the  introduction  to  this  article  he  says  his  aim  has  been  "to 
deduce  in  connected  sequence  and  from  a  few  principles  those  elec- 
trical phenomena  which  are  comprehended  under  the  epithet  galvanic; 
the  purpose  is  accomplished  if  the  variety  of  facts  is  subordinated  to 
the  simplicity  of  comprehension.^  Indeed  he  accomplished  his  purpose 
most  completely.  He  extended  to  electrical  conduction  the  ideas  of 
Laplace,  Poisson,  and  especifilly  Fourier  on  the  conduction  of  heat,  and 
evolved  the  laws  of  the  electric  current  with  the  mathematical  means 
which  those  investigators  had  created  for  their  own  purposes.  This 
thoughtful  theory  of  Ohm  stands  to-day  unshaken, — a  compactly  con- 
stmcted  whole.  In  order  to  bring  it  into  unison  with  the  present  views 
concerning  electricity  it  is  only  necessary  to  remark  that  what  Ohm 
calls  " electroscopic  force''  or  "tension"  is  nothing  but  electrical 
potential. 

The  Laplace-Poisson  equation,  which  formed  the  basis  of  Ohm's  de- 
ductions, shows  indeed  that  in  a  conductor  carrying  constant  electric 
currents,  as  well  as  in  one  in  electric  equilibrium,  the  free  electricity  is 
all  distributed  on  the  surface.  The  surface  layer,  however,  in  the  case 
of  the  currents  shows  a  different  distribution  from  that  in  the  condition 
of  e^iuilibrium.  Ohm,  on  the  contrary,  assumed  that  the  free  electricity 
was  spread  over  the  whole  cross-section  of  the  conductor  carrying  the 
current.  This  assumption  called  forth  many  contradictions,  because  it 
was  so  foreign  to  the  nature  of  electricity.  By  removing  this  contra- 
diction newer  views,  without  changing  in  the  least  Ohm's  formula  or 
conclusions,  have  only  served  to  establish  the  theory  all  the  more  firmly. 
The  subsequent  extension  of  his  theory,  by  its  application  to  conductors 
of  two  and  three  dimensions,  was  an  immediate  generalization  of  his 
method  of  treatment  which  Ohm  himself  foresaw ;  also,  the  enunciation 
in  that  well  digested  work  of  Ohm's  on  the  non-constant  or  charging 
and  discharging  currents,  stands  to-day  in  unchanged  correctness. 

As  has  already  been  emphasized,  the  first  discovery  of  Ohm's  law  as 
to  the  intensity  of  current  is  not  contained  in  that  master  investiga- 
tion. The  law  previously  discovered  and  proven  by  experiment  served 
only  as  the  touchstone  for  the  theory  of  which  it  appeared  to  be  a 
necessary  consequent.  But  the  brilliancy  of  this  theoretical  ac<*om- 
phshment  threw  his  previous  tedious  work  of  empirical  investigation  so 
into  the  shade  that  it  is  partly  conceivable  how  the  belief  arose  that 
Ohm  mathematically  deduced  his  law  from  debatable  hyi)otheses. 

At  first  Ohm  received  no  recognition  from  even  this  work.  It 
received  no  attention  in  many  circles;  from  many  sides  came  sharp 
criticism;  from  only  a  few  genuine  approval.     His  hopes  of  being  able 
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to  follow  ail  academic  career  were  dashed  by  hard  disappoiutnieiit 
and  he  resigned  his  position  as  teacher  at  the  gymnasium  and  retired, 
discouraged,  to  private  life.  The  cramped  position  in  which  he  now 
saw  himself  placed  must  have  been  depressing  for  his  spirits.  Still 
this  period  of  six  years  which  elapsed  until  his  appointment  as  pro- 
fessor of  physics  in  the  polytechnic  school,  at  Nuremberg,  in  1833,  was 
not  entirely  barren  for  science.  In  a  series  of  articles,  published 
mostly  in  Schweigger's  Journal^  he  furnished  renewed  experimental 
proof  of  the  law  discovered  by  him.  We  find  in  these  teeming  articles 
the  law  of  the  branching  of  currents  (Schweigger's  Journalj  1827,  vol. 
XLix)5  observations  on  the  "fluctuations  of  force,"  on  the  poalariztion 
of  electrodes  and  transition  resistance,  beside  methods  for  determining 
galvanic  resistance  and  electromotive  force.  An  article  from  this  period 
is  especially  worthy  of  notice  as  a  model  of  experimental  investigation, 
entitled  "experiments  on  the  more  accurate  comprehension  of  uni-polai 
conductors."  In  it  he  entirely  explained,  by  a  complete  series  of  well- 
chosen  experiments,  the  enigmatical  phenomena  of  so-called  uni-polar 
conduction. 

The  above-mentioned  article  of  Pouillet,  in  1837,  and  the  claim  made 
in  connection  with  it,  finally  brought  Olim's  discovery  to  the  attention 
of  physicists  at  home  and  abroad.  Especially  in  England  was  its  far- 
reaching  importance  immediately  recognized.  The  Eoyal  Society,  at 
its  annual  meeting  of  November  30, 1841,  conferred  upon  the  unassum- 
ing German  scientist  the  gold  medal  which  Copley  had  established  as 
a  prize  for  the  most  conspicuous  discovery  in  the  domain  of  exa<jt  inves- 
tigation. The  medal  was  accompanied  by  a  formal  letter  of  presenta- 
tion, which  points  out  in  strong  terms  Ohm's  services  to  galvanism,  and 
which  is  no  less  an  honor  to  the  learned  society  than  to  the  recipient  of 
the  prize.  Thus  Ohm  received  abroad  the  tardy  recognition  which  his 
native  land  had  so  long  withheld.  He  gave  touching  expression  to 
his  gratitude  in  the  dedication  of  his  work  '^  Contributions  to  Molecular 
Physics"  to  the  Royal  Society  of  London,  which  by  its  words  of  ap- 
proval had  given  his  courage  new  strength  for  continued  strife  in  the 
field  of  science,  weakened  as  it  was  by  previous  discouraging  experi- 
ences. 

His  creative  genius,  which  seemed  to  lie  fallow  during  the  last  years, 
awoke  anew.  Soon  he  was  successful  in  a  second  great  venture,  this 
time  in  the  field  of  acoustics,  (upon  which  he  had  entered  in  1839,)  in  a 
"  Note  on  Combination  Tones."  In  his  article  "  On  the  Definition  of 
Tone  and  a  Consequent  Theory  of  the  Siren  and  Similar  Tone-Producing 
Apparatus,"  he  established,  in  1843,  the  law  of  acoustics  also  known 
by  his  name.  Inasmuch  as  this  law  furnishes  the  clearest  insight  into 
the  hitherto  incomprehensible  nature  of  musical  tones,  it  dominates 
the  0(»ou8tic8  of  to-day  no  less  completely  than  does  his  law  of  the 
^  f^urr**       ilominate  the  science  of  electricity.    This  law  states 
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that  the  human  ear  perceives  only  pendulum-like  vibration  as  a  simple 
tone.  Every  other  periodic  motion  it  resolves  into  a  collection  of 
pendulum-like  vibrations  which  it  then  hears  in  the  sound  as  a  series 
of  single  tones,  fundamental  and  overtones.  Ohm  arrived  at  this  law 
from  mathematical  considerations,  making  use  of  Fourier's  series;  for 
its  experimental  verification  he  was  compelled  to  use  the  well-culti- 
vated ear  of  a  friend,  inasmuch  as  he  was  himself  entirely  devoid  of 
musical  ear. 

Like  his  law  of  the  current,  this  law  of  acoustics  received  no  recog- 
nition from  his  contemporaries.  It  was,  in  fact,  opposed  by  Seebeck, 
one  of  the  most  prominent  investigators  in  that  field,  as  being  an  idea 
too  foreign  to  the  accustomed  method  of  presentation.  This  law  of 
Ohm  was  not  a<*cepted  until  Helmholtz  furnished  the  experimental 
means  which  enables  every  even  unskilled  ear  to  resolve  a  sound  into 
its  simple  partial  tones;  and  eight  years  after  Ohm's  death  comi)letely 
revolutionized  acoustics  and  the  theory  of  music  by  that  classic  work, 
"  The  Science  of  the  Perception  of  Sound,"  which  is  based  on  Ohm's 
law. 

In  1827,  while  Ohm  was  writing  the  appendix  to  his  work,  *'Tlie 
Galvanic  Battery,"  certain  ideas  in  regard  to  the  ultimate  structure  of 
matter  were  forced  upon  hun.  '*  There  are  properties  of  space  filling 
matter  wliich  we  are  accustomed  to  look  upon  as  belonging  to  it. 
There  are  other  proi}erties  which  heretofore  we  were  inclined  1o  look 
upon  as  the  visitors  of  matter  which  abide  with  it  from  time  to  time. 
For  these  properties  man  has  thought  out  causes  if  not  foreign,  at 
least  not  innate,  and  they  pass  as  immaterial  and  yet  independent 
things  of  nature,  under  the  names  of  light,  heat,  electricity,  etc.  It 
must  be  possible  to  so  conceive  the  structure  of  i)hysical  bodies  that 
along  with  the  properties  of  the  first  class,  at  the  same  time  and  neces- 
sarily those  of  the  second  shall  be  given."  This  thought  appears  to 
have  been  suggested  by  his  broadly  designed  plan  of  '^Contributions  to 
Molecular  Physics."  The  recognition  of  the  Royal  Society  gave  him 
new  courage  for  the  carrying  out  of  this  work,  but  unfortunately  it 
remains  unfinished.  His  intention  appears  to  have  been,  from  certain 
definite  assumpticms  concerning  the  nature,  form,  size,  and  mode  of  action 
of  the  atom,  to  deduce,  by  the  aid  of  analytical  mechanics,  all  the  phe- 
nomena above  referred  to.  He  desired  to  create  a  work  that  should  be 
for  the  microcosm  of  the  world  of  atoms,  what  Newton's  "  Principia  " 
had  become  for  the  microcosm  of  heavenly  space.  Only  the  first  vol- 
ume appeared.  It  was  entitled  **  Elements  of  Analytical  Geometry  of 
Space  on  a  System  of  Obliciue  Co-ordinates,"  and  contained  only  the 
mathematical  introductin  to  the  actual  problem.  A  second  volume  was 
to  have  contained  *'the  dynamics  of  the  structures  of  bodies,"  and  a  third 
and  fourth  to  be  devoted  to  the  physical  investigation  itself. 

Toward  the  end  of  1849,  in  the  midst  of  eager  work  uiK>n  his  great 
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task,  lie  was  called  to  Munich  as  curator  of  the  mathematical  and 
physical  collection  of  the  Royal  Academy  of  Sciences.  He  wa«  also  to 
be  adviser  of  the  ministerial  director  of  telegraphs,  and  was  obliged  to 
lecture  on  mathematics  and  physics  as  professor  at  the  university. 
Thus  for  the  man  of  sixty  the  desire  of  his  youth  was  tardily  fulfilled,  too 
tard ily  and  hence  scarcely  to  the  benefit  of  science.  The  manifold  duties 
of  his  new  sphere  of  activity  prevented  the  completion  of  his  great 
work,  and  robbed  posterity  of  tlie  legacy  which  Ohm  had  intended  to 
leave  it  from  the  rich  treasures  of  his  thoughts.  However,  it  is  by  no 
means  true  that  this  period  at  Munich  was  entirely  without  gain  for 
science.  Optics  had  always  been  a  pet  object  of  his  activity.  In  1840 
in  Poggeudorft's  Annalen^  vol.  XLix,  he  published  a  "  Description  of  some 
simple  and  easily  managed  arrangements  for  making  the  experiment 
of  tlie  interference  of  light."  In  it  he  showed  how  French  interference 
prisms  which  worked  very  well  could  be  made  from  common  plate  glass; 
indeed,  how  a  simple  strip  from  the  edge  of  a  piece  of  plate  glass  could 
be  used  for  the  purpose.  lu  1862  and  1853  in  his  great  work,  "Expla- 
nation of  all  perceivable  interference  phenomena  of  plates  of  miaxial 
crystals  in  plane-polarized  light,"  he  set  himself  the  task  of  develop- 
ing in  a  most  general  way  than  had  been  done,  the  theory  of  these 
phenomena  so  rich  in  form  and  color.  He  arrived  at  a  formula  of  great 
simplicity  and  beauty,  and  which  covered  all  the  individual  colors. 
This  work  has  many  points  in  common  with  one  by  Prof.  Sangberg 
of  Ohristiania,  published  complete  in  Norwegian  in  1841,  in  the  "Ma- 
gazin  for  Naturvidenskabeme"  (natural  sciences),  and  abstracted  in  1842 
in  the  first  extra  volume  (Erganzungsband)  of  PoggendorfTs  Annalen. 
The  title  of  Sangberg's  work  was,  *^  Analysis  of  the  isochromatic  curves 
and  the  interference  phenomena  in  combined  miaxial  crystals."'  Ohm 
first  learned  of  this  work  after  the  completion  of  his  own,  which  was, 
however,  by  no  means  rendered  superfluous  by  Sangberg's.  The  plie- 
nomenaof  elliptical  interference  rings  which  had  led  Ohm  to  his  inves- 
tigation, had  also  been  observed  at  the  same  time  by  Sangberg. 

Among  the  causes  which  prevented  Ohm  from  continuing  and  com- 
pleting his  molecular  physics  was  the  writing  of  a  text-book  of  physics 
for  his  students.  In  spite  of  the  "  aversion  always  felt  to  working  out 
a  text-book,"  he  still  felt  impelled  to  the  work  by  having  accepted  the 
position  of  instructor.  He  accomplished  the  speedy  completion  of  this 
thoroughly  original  work  by  lithographing  his  lectures  as  fast  as  they 
were  delivered  and  giving  copies  to  his  classes.  The  strain  caused  by 
so  quick  an  accomplishment  of  so  difficult  a  task  had  a  bad  effect  upon 
his  health,  as  he  sadly  acknowledges  at  the  close  of  the  preface  of  his 
text-book  (Easter,  1854).  One  other  expression  in  the  text  of  the  book 
dimly  suggests  his  feeling  that  his  strength  was  expended.  As  a  result 
of  repeated  attacks  of  epilepsy,  on  July  G,  1854,  he  >ielded  up  that  life 
which  to  its  last  breath  was  devoted  t4>  the  search  after  tnith. 
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We  have  thus  far  striven  to  net  forth  in  hasty  outline  what  Ohm  has 
been  to  science,  without  mentioning  more  of  the  other  circumstances  of 
his  life  than  were  necessary  to  an  understanding  of  his  scientific  serv- 
ices. This  has  seemed  permissible  because,  on  the  one  hand,Lamont  in 
1855  delivered  from  this  place  an  address  which  also  covered  the  bio- 
graphical points  of  his  career.  On  the  other  hand,  another  member  of 
our  academy,  Privy  Councilor  von  Bauernfeind,  a  pupil  and  friend  of 
the  one  immortalized,  in  his  "Memorial  address  on  Ohm,the  physicist," 
has  given  us  a  complete  i>resentation  of  the  life  of  his  teacher,  drawn 
from  reliable  sources  and  from  personal  acquaintance. 

The  deeds  of  a  scientist  are  his  scientific  investigations.  Truth  once 
discovered  does  not  remain  shut  up  in  the  study  or  the  laboratory. 
When  the  moment  comes  it  bursts  its  narrow  bonds  and  joins  the  quick 
pulse  of  life.  That  which  has  been  discovered  in  solitude,  in  the 
unselfish  struggle  for  knowledge,  in  pure  love  of  science,  is  often 
fated  to  be  the  mighty  lever  to  advance  the  culture  of  our  race.  When 
nearly  a  hundred  years  ago  Galvani  saw  the  frog's  leg  twitch  under 
the  influence  of  two  metals  touching,  who  could  have  suspected  that 
the  force  of  nature  which  caused  those  twitchings  would  transfer  the 
thoughts  of  man  to  far  distant  lands,  with  lightning's  speed,  under  the 
the  waters  of  the  ocean — would  even  render  audible  at  a  distance  the 
sound  of  the  spoken  word !  That  this  force  of  nature — after  man  by 
ceaseless  investigation  had  learned  to  vastly  increase  its  strength — 
would  iUuminate  our  nights  like  the  sun !  This  enormous  development 
of  electro- technology,  which  we  have  followed  with  amazement  in  the 
last  decades,  could  only  be  accomplished  upon  the  firm  foundation  of 
Ohm's  law.  For  only  he  can  govern  a  force  of  nature  who  has  mastered 
its  law.  Ohm  by  wresting  from  nature  her  long-(».oncealed  secret  has 
placed  the  scepter  of  this  dominion  in  the  hand  of  the  present. 

This  great  service  of  Ohm  and  the  fundamental  imi)ortance  of  his 
law,  as  well  for  the  science  as  for  the  technology  of  electricity,  are  to-day 
generally  recognized.  In  order  i)ermanently  to  honor  his  memory,  the 
international  congress  of  electricians,  assembled  at  I^aris  in  1881,  deter- 
mined to  call  *'an  ohm"  the  unit  of  resistance  to  conduction,  then  fixed 
and  now  generally  accepted,  after  the  name  of  him  who  introduced  this 
important  conception  into  the  scien(»e  and  technology  of  electricity. 
Thus  it  happens  ^hat  the  name  of  the  modest  scientist  who  never  strove 
for  show  or  glory  is  to-day  upon  the  lijjs  of  the  thousands  who  are  busy 
in  our  highly  developed  electro-technical  industries. 

Although  this  ideal  monument  is  the  most  beautiful  and  the  most 
lasting,  yet  the  duty  of  gratitude  seems  to  urge  that  posterity,  which 
has  gathered  the  rich  fruit  of  his  industry  as  an  investigator,  should 
also  honor  the  memory  of  the  great  physicist  with  a  visible  monument. 

This  idea  was  suggested  by  the  hundredth  anniversary  of  Ohm's 
birth,  which  we  are  to-day  tardily  celebrating.     In  order  to  carry  it 
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oat,  a  committee  was  formed  for  the  erection  of  an  Ohm  statue  in 
Munich,  the  capital  of  his  more  particular  fiatherland,  where  in  the 
evening  of  his  life,  after  long  waiting,  he  found  a  sphere  of  activity 
worthy  of  himself.     ^ 

Our  suggestion  found  lively  approval  and  active  furtherance  not 
only  within  the  boundaries  of  the  German  Empire,  but  far  out  beyond. 
Thus  we  may  hope  at  no  distant  time  there  will  arise  in  our  capital  a 
worthy  monument,  a  visible  witness  of  the  glor>'  of  our  great  country- 
man, a  witness  also  of  the  spontaneous  gratitude  of  the  nations. 
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JUSTUS  VON  LIEBIG. 

AN  AUTOBIOGRAPHICAL  SKETCH. 


Trannlated  from  the  German^  by  Prof.  J.  Ca.mpbbll  BitowN.t 


My  father,  who  had  a  color  ware-house,  frequently  occupied  himself 
in  making  some  of  the  colors  in  which  he  dealt,  and  for  that  purpose 
had  fitted  up  for  himself  a  small  laboratory  to  which  I  had  access,  and 
where  I  sometimes  enjoyed  the  privilege  of  helping  him.  He  made  his 
experiments  as  prescribed  in  works  upon  chemistry,  which  were,  with 
great  liberality,  lent  to  the  inhabitants  of  Darmstadt  from  the  rich 
court  library. 

The  lively  interest  which  I  took  in  my  father's  labors  naturally  led 
me  to  read  the  books  which  guided  him  in  his  experiments,  and  such  a 
passion  for  these  books  was  gradually  developed  in  me  that  I  became 
jndiflTerent  to  every  other  thing  that  ordinarily  attracts  children.   Since 


*Read  at  a  joint  meeting  of  societies  in  the  chemical  lahoratories,  University  Col- 
lege, Liveq)ool»  on  Wednesday  evening,  March  18, 1891,  by  Prof.  J.  Campbell  Brown, 
D.  Sc.  (From  The  Chemical  Xews,  June  5  and  12,  1891;  vol.  LXiii,  pp.  265-267  and 
27&-278.) 

t  [At  the  recent  celebration  of  the  jubilee  of  the  Chemical  Society,  reference  was 
made  to  the  wonderful  energy  and  ability  of  Liebig ;  to  the  great  work  which  he 
did  in  founding  organic  chemistry,  and  to  the  immense  stimulus  which  he  gave, 
alike  in  his  own  country  and  in  England,  to  scientific  investigation  in  pure  chemistry 
and  in  its  applications  to  agriculture,  physiology,  and  pathology. 

Very  opportunely  a  portion  of  an  autobiograj^hical  sketch  in  Liebig's  own  hand- 
writing has  just  come  to  light,  in  which  he  gives  a  most  interesting  account  of  the 
formation  of  his  habits  of  thought,  and  of  the  development  of  his  scientific  activity. 
He  also  gives  an  amusing  description  of  the  lectures  given  in  his  student  days  by 
professors  of  the  deductive  method. 

In  his  sixtieth  year,  we  are  told,  Liebig  wrote  some  biographical  sketches  which 
were  laid  aside  and  could  not  be  found  when  he  wished  to  resume  them.  They 
were  never  finished.  A  portion  of  the  manuscript  was  found  among  some  other 
papers  in  Liebig's  handwriting,  by  his  son.  Dr.  Georg  Baron  von  Liebig,  and  has 
been  published  by  the  latter  in  the  Deutsche  Bundsohau  for  January,  1891.  Mr.  E. 
K.  Muspratt  has  been  good  enough  to  lend  me  a  copy  which  he  received  from  his 
friend,  the  present  baron. 

I  have  endeavored  to  render  it  into  English  as  lit-erally  as  the  difference  in  the  idiom 
and  modes  of  expression  in  the  two  languages  will  permit;  and  it  is  now  made 
public  in  England  by  the  kind  permission  of  the  Deutsche  Rundschau. 

His  method  of  teaching  and  its  remarkable  success  are  worthy  of  attention  at  the 
present  time,  when  technical  education  is  occupying  to  much  of  the  public  mind.] 

H.  Mis.  334,  pt  1 17  367 

Digitized  by  VjOOQ IC 


258  JUSTUS   VON   LIEBIG. 

I  did  not  fail  to  fet<*h  the  books  from  the  court  library  myself,  I  became 
acquainted  with  the  librarian,  Hess,  who  oc<*upied  himself  successfully 
with  botany,  and  as  he  took  a  fancy  to  the  little  fellow,  I  got,  through 
him,  all  the  books  I  could  desire  for  my  own  use.  Of  course  the  read- 
hig  of  biMiks  went  on  without  any  system.  1  read  the  books  just  as 
they  stood  \i\H>n  the  shelves,  whether  from  below  ui)wards  or  from 
right  to  left  was  all  the  same  to  me ;  my  14-year-old  head  was  like  an 
ostrich  stomach  for  their  contents,  and  amongst  them  I  found  side  by 
side  upon  the  shelves  the  thirty-two  volumes  of  Macquer's  "Chemical 
Dictionary,"  Basil  Valentine's  "Triumx>hal  Car  of  Antimony,"  Stahl's 
"Phlogistic  Chemistry,"  thousands  of  essays  and  treatises  in  Gottling's 
and  Gehlen's  periodicals,  the  works  of  Kirwan,  ('avendish,  etv. 

I  am  quiti^  siu-e  that  this  manner  of  reading  was  of  no  particnlar  use 
so  far  as  ac(|uisition  of  exjict  knowledge  is  concerned,  but  it  developeil 
in  me  the  fticulty,  which  is  jKiculiar  to  chemists  more  than  U}  other 
natural  i)hilosopher8,  of  thinking  in  terms  of  phenomena;  it  is  not  very 
easy  to  give  a  clear  idea  of  phenomena  to  anyone  who  can  not  recall  in 
his  imagination  a  mental  picture  of  what  he  sees  and  hears, — like  the 
poet  and  artist,  for  example.  Most  closely  akin  is  the  peculiar  iK)wer 
of  the  musician,  who  while  composing  thinks  in  tones  which  are  as 
much  connected  by  laws  as  the  logically  arranged  conceptions  in  a 
conclusion  or  series  of  conclnsions.  There  is  in  the  chemist  a  form  of 
thtmght  by  which  all  ideas  become  visible  to  the  mind  as  the  strains  of 
an  imagined  piece  of  music.  This  form  of  thought  is  developed  in  Fara- 
day in  the  highest  degree,  whence  it  arises  that  to  one  who  is  not  ac- 
quainted with  this  method  of  thinking,  his  scientitic  works  seem  barren 
and  dry,  and  merely  a  series  of  researches  strung  together,  while  his 
oral  discourse  when  he  teaches  or  explains  is  intellectual,  elegant,  and 
of  wonderftil  clearness. 

The  faculty  of  thinking  in  phenomena  can  cmly  be  cultivated  if  the 
mind  is  constantly  trained,  and  this  was  effected  in  my  case  by  my  en- 
deavoring to  perform,  so  far  as  my  means  would  allow  me,  all  the  ex- 
periments whose  description  I  read  in  the  books.  These  means  were 
very  limiti^d,  and  hence  it  arose  that,  in  order  to  satisfy  my  inclination, 
I  relocated  such  exi>eriments  as  1  was  able  to  make,  a  countless  number 
of  times,  until  i  cease<l  to  see  anything  new  in  the  pnx'ess,  or  till  i 
knew  thoroughly  every  asiiect  of  the  phenomenon  which  presented 
itself.  The  natural  conse<iuence  of  this  was  the  development  of  a 
memory  of  the  sense,  that  is  to  say  of  the  sight,  a  clear  perception  of 
the  resemblances  or  differences  of  things  or  of  phenomena^  which  after- 
wards stood  me  in  good  stead. 

One  will  easily  understand  this  if  one  imagines,  for  instance,  a  white 
or  colored  precipitate  which  is  produced  by  mixing  two  liquids^  it  is 
formed  either  at  once  or  after  some  time,  it  is  cloudy  or  of  a  curdy  or 
gelatinous  character,  sandy  or  crystalline,  dull  or  bright,  it  deposits 
easily  or  slowly,  etc.;  or  if  it  is  colored  it  has  a  certain  tint.    Among 
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the  countless  white  precipitates  each  has  something  peculiar  to  itself; 
and  when  one  has  experience  in  this  sort  of  appearances,  whatever  one 
sees  during  an  investigation  at  once  awakens  the  remembrance  of  what 
one  has  seen.  The  following  example  will  make  clear  what  I  mean  by 
sight  or  eye  memory.  During  our  joint  research  on  uric  acid,  Wohler 
one  day  sent  me  a  crystalline  body  which  he  had  obtained  by  the  action 
of  peroxide  of  lead  upon  this  acid.  I  immediately  thereupon  wrote  to 
him  with  great  joy,  and,  without  having  analyzed  the  body,  that  it  was 
allantoin.  Seven  years  before  I  had  had  this  body  in  my  hands;  it  had 
been  sent  to  me  by  C.  Gmelin  for  investigation,  and  I  had  published 
an  analysis  of  it  in  Poggendorff' s  Annalen;  since  that  time  I  had  not 
seen  it  again.  But  when  we  had  analyzed  the  substance  obtained  from 
uric  acid  there  appeared  a  difference  in  the  iimount  of  carbon,  the  new 
body  gave  1 J  per  cent  carbon  less,  and  since  the  nitrogen  had  been 
determined  by  the  qualitative  method  a  corresponding  quantity  (4  per 
cent)  of  nitrogen  more;  consequently  it  could  not  iK)S8ibly  be  allantoin. 
However,  I  trusted  my  eye  memory  more  than  my  analysis,  and  was 
quite  sure  that  it  was  allantoin,  and  the  thing  now  to  be  done  was  to 
find  the  remains  "of  the  substance  previously  analyzed  in  order  to 
analyze  it  afresh.  I  could  describe  the  little  glass  in  which  it  was  with 
such  precision  that  my  assistant  at  last  succeededin  picking  it  out  from 
amongst  a  couple  of  thousand  other  preparations.  It  looked  exactly 
like  our  new  body,  except  that  examination  under  the  lens  showed  that 
Gmelin,  in  the  preparation  of  his  allantoin,  had  purified  it  with  animal 
charcoal,  some  of  which  having  passed  through  the  paper  in  the  filtra- 
tion had  become  mixed  with  the  crystals. 

Without  the  complete  conviction  which  I  had  that  the  two  bodies 
were  identical,  the  allantoin  produced  artificially  from  uric  acid  would 
undoubtedly  have  been  regarded  as  a  new  body,  and  would  have  been 
designated  by  a  new  name,  and  one  of  the  most  interesting  relations 
of  uric  acid  to  one  of  the  constituents  of  the  urine  of  the  foetus  of 
the  cow  would  perhaps  have  remained  for  a  long  time  unobserved. 

In  this  manner  it  came  to  pass  that  everything  1  saw  remained  inten- 
tionally or  unintentionally  fixed  in  my  memory  with  equal  photographic 
fidelity.  At  a  neighboring  soap  boiler's  I  saw  the  process  of  boiling 
soap,  and  learned  what  *'  curd  soap"  and  "fitting"  are,  and  how  white 
soap  is  made;  and  I  had  no  little  pleasiu^e  when  I  succeeded  in  showing 
a  piece  of  soap  of  my  own  making,  periumed  with  oil  of  turpentine. 
In  the  workshop  of  the  tanner  and  dyer,  the  smith  and  brass  founder, 
I  was  at  home  and  ready  to  do  any  hand's  turn. 

In  the  market  at  Darmstadt  I  watched  how  a  i)eripatetic  dealer  in 
odds  and  ends  made  fulminating  silver  for  his  i>ea  crackers.  I  observed 
the  red  vapors  which  were  formed  when  he  dissolved  his  silver,  and 
that  he  added  to  it  nitric  acid;  and  then  a  liquid  which  smelled  of 
brandy,  and  with  which  he  cleaned  dirty  coat  collars  for  the  people. 

With  this  bent  of  mind  it  is  easy  to  understand  that  my  position  at 
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school  was  very  deplorable;  I  had  no  ear  memory,  and  retained  nothing 
or  very  little  of  what  is  learned  throujj^h  this  sense;  I  fonnd  myself  in 
the  most  uncomfortable  position  in  which  a  boy  could  ]K)S8ibly  be; 
languages  and  everything  that  is  acquired  by  their  means,  that  gains 
praise  and  honor  in  the  school  were  out  of  my  reach;  and  when  the 
venerable  rector  of  the  gynmasium  (Zimmermann),  on  one  occasion  of 
his  examination  of  my  class,  came  to  me  and  made  a  most  cutting 
remonstrance  with  me  for  my  want  of  diligence,  how  I  was  the  plague 
of  my  teachers  and  the  sorrow  of  my  parents,  and  what  did  I  think 
was  to  become  of  me,  and  when  I  answered  him  that  I  would  bo  a 
chemist,  the  whole  school  and  the  good  old  man  himself  broke  into  an 
uncontrollable  fit  of  laughter,  for  no  one  at  the  time  had  any  idea  that 
chemistry  was  a  thing  that  could  be  studied. 

Since  the  ordinary  career  of  a  gynmasium  student  was  not  open  to 
me,  my  father  took  me  to  an  apothecary  at  Heppenheim,  in  the  Hessian 
Bergstrasse;  but  at  the  end  of  ten  months  he  was  so  tired  of  me  that 
he  sent  me  home  again  to  my  father.  I  wished  to  be  a  chemist,  but 
not  a  druggist.  The  ten  months  sufftced  to  make  me  completely 
acquainted  alike  with  the  use  and  the  manifold  applications  of  the 
thousand  and  one  diflferent  things  which  are  found  in  a  druggist's 
shop. 

Left  to  myself  in  this  way,  without  advice  and  direction,  I  completed 
my  sixteenth  year,  and  my  persistent  importunity  at  last  induced  my 
father  to  give  me  permission  to  go  to  the  University  of  Bonn ;  whence 
I  followed  to  Erlangen  the  professor  of  chemistry,  Kastner,  who  ha<l 
been  called  to  the  Bavarian  University.  There  arose  at  that  time  at 
the  newly-established  University  of  Bonn  an  extraordinary  quickening 
of  ccientific  life;  but  the  degenerate  philosophical  methods  of  investi 
gation,  as  they  had  been  embodied  in  Oken,  and  still  worse  in  Wil- 
brand,  had  a  most  pernicious  infiuence  on  the  branches  of  natural 
science,  for  it  had  led  alike  in  lecture  and  in  study  to  a  want  of  appre- 
ciation of  exi>eriment  and  of  unprejudiced  observation  of  nature,  which 
was  ruinous  to  many  talented  young  men. 

From  the  professional  chair  the  pupil  received  an  abundance  of 
ingenious  contemplations;  but,  bodiless  as  they  were,  nothing  could  be 
made  of  them. 

The  lectures  of  Kastner,  who  was  considered  a  most  eminent  chem- 
ist, were  without  order,  illogical,  and  arranged  just  like  the  jumble  of 
knowledge  which  I  carried  about  in  my  head.  The  relations  which  he 
discovered  between  phenomena  were  somewhat  after  the  following 
pattern : 

"  The  influence  of  the  moon  upon  the  rain  is  clear,  for  as  soon  as  the 
moon  is  visible  the  thunder-storm  ceases,"  or  ''  the  influence  of  the 
sun's  rays  on  water  is  shown  by  the  rise  of  the  water  in  the  shafts  of 
mines,  some  of  which  can  not  be  worked  in  the  height  of  summer." 
That  we  see  the  moon  when  the  thunderstorm  is  dispelled,  and  that 
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the  water  rises  in  the  mine  when  the  brooks  which  drive  the  pumps 
dry  up  in  summer,  was,  of  course,  too  bhint  an  explanation  for  a  clever 
le<;ture. 

It  was  then  a  very  wretched  time  for  chemistry  in  (lermany.  At  most 
of  the  universities  there  was  no  special  chair  for  chemistry  j  it  was  gen- 
erally handed  over  to  the  professor  of  medicine,  who  taught  it,  as  much 
as  he  knew  of  it,  and  that  was  little  enough,  along  with  the  branches 
of  toxicology,  pharmacology,  materia  medica,  prai'tical  medicine,  and 
pharmacy. 

Many  years  after  this  in  Giessen,  descriptive  and  comparative  anat- 
omy, physiology,  zoology,  natural  hi8ti)ry,  and  botany  were  in  one 
single  hand. 

While  the  labors  of  the  great  Swedish  chemist,  the  English  and 
French  natural  philosophers,  Humphry  Davy,  Wollaston,  Biot,  Arago, 
Fresnel,  Thenard,  and  Dulong  opened  up  entirely  new  sphere**  of  inves- 
tigation, all  these  inestimable  acquisitions  found  no  soil  in  Germany 
where  they  could  bear  fruit.  Long  years  of  war  hml  undermined  the 
well-being  of  the  people,  and  external  political  pressure  had  brought 
in  its  train  the  desolation  of  our  universities,  tilled  men  with  painful 
anxiety  for  many  years,  and  turned  their  desires  and  their  strength  in 
other  dire<;tions.  The  national  spirit  had  asserted  its  freedom  and 
independence  in  ideal  spheres,  and  by  the  destruction  of  belief  in 
authority  had  brought  rich  blessings  in  many  ways, — for  example,  in 
medicine  and  philosophy;  only  in  physiology  it  had  broken  through 
its  natural  limits  and  wandered  far  beyond  exi)erience. 

The  goal  of  science  and  the  fact  that  it  has  value  only  when  it  is  use- 
ful to  life  had  almost  dropped  out  of  sight,  and  men  amused  themselves 
in  an  ideal  world  which  had  no  conne<3tion  with  the  real  one.  It  was 
considered  an  almost  debasing  sentiment,  and  one  unworthy  of  an  edu- 
cated person,  to  believe  that  in  the  body  of  a  living  being  the  crude  and 
vulgar  inorganic  forces  played  any  part.  Life  and  all  its  manifesta- 
tions and  conditions  were  perfectly  clear.  Natural  phenomena  were 
clothed  in  bewitchingly  lovely  dress,  cut  out  and  fttt^ed  by  clever  men, 
and  this  was  called  philosophical  investigation.  Experimental  instruc- 
tion in  chemistry  was  all  but  extinct  at  the  universities,  and  only  the 
highly-educated  phai^macists,  KJaproth,  Hermbstadt,  Valentin  Rose, 
Trommsdorff,  and  Buchholz  had  themselves  preserved  it,  but  in  another 
department. 

I  remember  at  a  much  later  period,  Prof.  Wurzer,  who  held  the  chair 
of  chemistry  at  Marburg,  showing  me  a  wooden  table  drawer,  which 
had  the  property  of  producing  quicksilver  every  three  months.  He 
possessed  an  apparatus  which  mainly  consisted  of  a  long  clay  pipe 
stem,  with  which  he  converted  oxygen  into  nitrogen  by  making  the 
porous  pipe  stem  red  hot  in  charcoal,  and  passing  oxygen  through  it. 

Chemical  laboratories,  in  which  instruction  in  chemical  analysis  was 
imparted,  existed  nowhere  at  that  time.    What  passed  by  that  name 
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were  more  like  kitchens  filled  witli  all  sorts  of  furnaces  and  utensils  for 
the  carrying  out  of  metallurgical  or  pharina(*^utical  processes.  No  one 
really  understood  how  to  teach  it. 

I  afterwards  followed  Kastner  to  Erlangen,  where  he  had  promised 
to  analyze  some  minerals  with  me;  but  unfortunately  he  did  not  him- 
self know  how  to  do  it,  and  he  never  carried  out  a  single  analysis 
with  me. 

The  benefit  which  I  gained  through  intercourse  with  other  students 
during  my  sojourn  in  Bonn  and  Erlangen  was  the  discovery  of  my 
ignorance  in  very  many  subjects  which  they  brought  with  them  from 
school  to  the  university,  and  since  I  got  nothing  to  do  in  chemistry  I 
laid  out  all  my  energies  to  make  up  for  my  previously  neglected  school 
studies. 

In  Bonn  and  Erlangen  small  numbers  of  students  joined  with  me  in 
a  chemico-physical  union ,  in  which  every  member  in  turn  had  to  read  a 
paper  on  the  question  of  the  day,  which,  of  course,  cdnsisted  merely  in 
a  report  on  the  subjects  of  the  essays  which  appeared  monthly  in  Gil- 
bert's Atinalen  and  Schweigger's  JournaL 

In  Erlangen,  Schelling's  lectures  attracted  me  for  a  time,  but  Schell- 
ing  possessed  no  thorough  knowledge  in  the  province  of  natural  science, 
and  the  dressing  up  of  natural  phenomena  with  analogies  and  in  images, 
which  waa  called  exposition,  did  not  suit  me. 

I  returned  to  Darmstadt  fully  persuaded  that  1  could  not  attain  my 
ends  in  Germany. 

The  dissertations  of  Berzelius — ^that  is  to  say,  the  better  translation 
of  his  handbook,  which  had  a  large  circulation  at  that  time — were  as 
springs  in  the  desert. 

Mitscheriich,  H.  Bose,  Wohler,  and  Magnus  had  then  repaired  to  Ber- 
zelius, in  Stockholm ;  but  Paris  oflFered  me  means  of  instruction  in  many 
other  branches  of  natural  science,  as,  for  instance,  physics,  such  as  could 
be  found  united  in  no  other  place.  I  made  up  my  mind  to  go  to  Paris. 
I  was  then  seventeen  and  a-half  years  old.  My  journey  to  Paris,  the  way 
and  manner  in  which  I  came  in  contact  with  Thenard,  Humboldt, 
Dulong,  and  with  Gay-Lussac,  and  how  the  boy  found  favor  in  the  sight 
of  those  men,  borders  on  the  fabulous,  and  would  be  out  of  place  here. 
Since  then  it  has  frequently  been  my  experience  that  marked  talent 
awakens  in  all  men,  I  believe  1  may  say  without  exception,  an  irre- 
pressible desire  to  bring  about  its  development.  Each  helps  in  his  own 
way,  and  all  together  as  if  they  were  acting  in  ex)ncert;  but  talent  only 
compels  success  if  it  is  united  with  a  firm  indomitable  will.  External 
hindrances  to  its  development  are  in  most  cases  very  much  less  than 
those  which  lie  in  men  themselves;  for  just  as  no  one  of  the  forces  of 
nature,  however  mighty  it  may  be,  ever  produces  an  effect  by  itself 
alone,  but  always  only  in  conjunction  with  other  forces,  so  a  man  can 
only  make  valuable  that  which  he  learns  without  trouble,  or  acquires 
readily,  for  which  as   we  say,  he  has  a  natural  gift,  if  he  learns 
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many  other  thinpfs  in  suldifion,  wliicli  perhaps  cost  him  more  trouble 
t4>  acquire,  than  tliey  Ci)st  other  people. 

Lessing  says  that  talent  really  is  will  and  work,  .and  I  am  very  much 
inclined  to  agree  with  him. 

The  lectures  of  Gay-Lussac,  Thenard,  Dulong,  etc.,  in  the  Sorbonne, 
had  for  me  an  indescribable  charm;  the  introduction  of  astronomical  or 
mathematical  method  into  chemistry,  which  changes  every  problem  when 
possible  into  an  equation,  and  assumes  in  every  uniform  sequence  of  two 
phenomena  a  quite  certain  connection  of  cause  and  effect,  which,  after 
it  has  been  searched  for  and  discovered,  is  called  '^  explanation "  or 
^'  theory,''  had  led  the  French  chemists  and  physicists  to  their  great 
discoveries.  This  kind  of  "  theory  ^  or  "  explanation  "  was  as  good  as 
unknown  in  Germany,  for  by  these  expressions  was  understood  not 
something  "  experienced,"  but  always  something  which  man  must  add 
on,  and  which  he  fabricates. 

French  exposition  has,  through  the  genius  of  the  language,  a  logical 
clearness  in  the  treatment  of  scnentific  subjects  very  difficult  of  attain- 
ment in  other  languages,  whereby  Thenard  and  Gay-Lussac  acquired 
a  mastery  in  experimental  demonstration.  The  lecture  consisted  of  a 
judiciously  arranged  succession  of  phenomena, — that  is  to  say,  of  experi- 
ments, whose  connection  was  completed  by  oral  explanations.  The 
experiments  were  a  real  delight  to  me,  for  they  spoke  to  me  in  a  lan- 
guage I  understood,  and  they  united  with  the  lei^ture  in  giving  definite 
connection  to  the  mass  of  shapeless  facts  which  lay  mixe<l  up  in  my 
head  without  order  or  arrangement.  The  antiphlogistic  or  French 
chemistry  had,  it  is  true,  brought  the  history  of  chemistry  before  Lavoi- 
sier to  the  guillotine;  but  one  observed  that  the  knife  only  fell  on  the 
shadow,  and  I  was  much  more  familiar  with  the  phlogistic  writings  of 
Cavendish,  Watt,  Priestly,  Kirwan,  Black,  Scheele,  and  Bergmann, 
than  with  the  anti-phlogistic;  and  what  was  represented  in  the  Paris 
lectures  as  new  and  original  facts  appeared  to  me  to  be  in  the  closest 
relation  to  previous  facts,  so  much  so,  indeed,  that  when  the  latter  were 
imagined  away  the  others  could  not  be. 

I  recognized  or  (more  correctly  perhaps),  the  consciousness  dawned 
upon  me,  that  a  connection  in  accordance  with  fixed  laws  exists  not 
only  between  two  or  thre^  but  between  all  chemical  phenomena  in  the 
mineral,  vegetable,  and  animal  kingdoms;  that  no  one  stands  alone, 
but  each  being  always  linked  with  another,  and  this  again  with  another, 
and  so  on,  all  are  connecte<l  with  each  other,  and  that  the  genesis  and 
disappearance  of  things  is  an  undulatory  motion  in  an  orbit. 

What  impressed  nie  most  in  the  French  lectures  was  their  intrinsic 
truth,  and  the  careful  avoidance  of  all  pretense  in  the  explanations;  it 
was  the  most  complete  contrast  to  the  German  lectures,  in  which  the 
whole  scientific  teaching  had  lost  its  solid  construction  through  the 
prepond^ance  of  the  deductive  method. 
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An  accidental  occurrence  drew  A.  von  Hamboldt's  attention  to  me  in 
Paris,  and  the  interest  which  he  took  in  me  induced  G^y-Lussac  to  com- 
plete in  conjunction  with  me  a  piece  of  work  which  I  had  begun. 

In  this  manner  I  had  the  good  fortune  to  enjoy  the  closest  inter- 
course with  the  great  natural  philosopher;  he  worked  with  me  as  he 
had  formerly  worked  with  Thenard;  and  I  can  well  say  that  the  foun- 
dation of  all  my  later  work  and  of  my  whole  course  was  laid  in  his  lab- 
oratory in  the  arsenal. 

I  returned  to  Germany,  where,  through  the  school  of  Berzelius,  H. 
Rose,  Mitscherlich,  Magnus,  and  Wohler,  a  great  revolution  in  inor- 
ganic chemistry  had  already  commenced.  Through  the  support  of  von 
Humboldt's  warm  recommendation,  an  extraordinary  professorship  of 
chemistry  at  Giessen  was  conferred  upon  me  in  my  twenty-first  year. 

My  career  in  Giessen  commenced  in  May,  1824.  1  always  recall  with 
pleasure  the  twenty-eight  years  which  I  spent  there;  it  was  as  if  Prov- 
idence had  led  me  to  the  little  university.  At  a  larger  university,  or 
in  a  larger  place,  my  energies  would  have  been  divided  and  dissipated, 
and  it  would  have  been  much  more  difficult,  and  perhaps  impossible, 
to  reach  the  goal  at  which  I  aimed,  but  at  Giessen  everything  was  con- 
centrated in  work,  and  in  this  I  took  passionate  pleasure. 

The  need  for  an  institution  in  which  the  students  could  be  instructed 
in  the  art  of  chemistry,  by  which  I  mean  familiarity  with  chemical  ana- 
lytical operations,  and  skill  in  the  use  of  apparatus,  was  then  being  felt; 
ami  hence  it  happened  that  on  the  opening  of  my  laboratory  for  teach- 
ing analytical  chemistry  and  the  methods  of  chemical  research,  students 
by  degrees  streamed  to  it  fn)m  all  sides.  As  the  numbers  increased  I 
had  the  greatest  difficulty  with  the  practical  teachings  itself.  In  order 
to  teach  a  large  number  at  one  time  it  was  necessary  to  have  a  system- 
atic plan,  or  step  by  step  method,  which  had  first  to  be  thought  out 
and  put  to  the  proof. 

The  manuals  which  several  of  my  pupils  have  published  later  (Fres- 
enius  and  Will)  contain  essentially,  with  little  deviation,  the  course 
which  was  followed  at  Giessen ;  it  is  now  familiar  in  almost  every  labor- 
atory. 

The  production  of  chemical  preparations  was  an  object  to  which  I 
paid  very  particular  attention;  it  is  very  much  more  imjwrtant  than  is 
usually  believed,  and  one  can  more  frequently  find  men  who  can  make 
very  good  analyses  than  such  as  are  in  a  position  to  produce  a  pure 
preparation  in  the  most  judicious  way.  The  formation  of  a  preparation 
is  an  art,  and  at  the  same  time  a  qualitative  analysis,  and  there  is  no 
other  way  of  making  one's  self  acquainted  with  the  various  chemical 
properties  of  a  body  than  by  first  producing  it  out  of  the  raw  material 
and  then  converting  it  into  its  numerous  compounds  and  so  becoming 
acquainted  with  them. 

By  ordinary  analysis  one  does  not  learn  by  experience  what  an 
important  means  of  separation  crystallization  is  in  skillful  hands;  and 
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just  as  little  the  value  of  an  acquaintance  with  the  peculiarities  of  dif- 
ferent solvents.  Consider  only  an  extract  of  a  plant  or  of  flesh  which 
contains  half  a  dozen  crystalline  bodies  in  very  small  quantities  embed- 
ded in  extranex)us  matter,  which  almost  entirely  masks  the  properties 
of  the  others;  and  yet,  in  this  magma,  we  can  recognize  by  means  of 
chemical  reactions  the  peculiarities  of  every  single  body  in  the  mixed 
mass,  and  learn  to  distinguish  what  is  a  product  of  decomposition  and 
what  is  not,  in  order  to  be  able  to  separate  them  afterwards  by  means 
which  will  exert  no  decomposing  influence.  An  example  of  the  great 
difficulty  of  finding  the  right  way  in  such  researches  is  afforded  by  the 
analysis  of  bile  by  Berzelius.  Of  all  the  numerous  substances  which 
he  has  described  as  its  constituents  no  one  is,  properly  speaking,  con- 
tained in  the  natural  bile. 

An  extremely  short  time  had  been  sufficient  for  the  famous  pupils  of 
the  Swedish  master  to  give  a  wonderful  degree  of  perfection  to  mineral 
analysis  which  depends  on  an  accurate  knowledge  of  the  properties  of 
inorganic  bodies;  their  compounds  and  their  behavior  to  each  other 
were  studied  in  all  directions  by  the  Swedish  school  with  a  keenness 
quite  unusual  previously  and  even  now  unsurpassed.  Physical  chem- 
istry, which  investigates  the  uniform  relations  between  physical  prop- 
erties and  chemical  composition,  had  already  gained  a  firm  foundation 
by  the  discoveries  of  Gay-Lussac  and  von  Humboldt,  on  the  combining 
proportions  of  bodies  in  the  gaseous  state,  and  those  of  Mitscherlieh, 
on  the  relations  between  crystalline  form  and  chemical  composition; 
and  in  chemical  proportions  the  structure  appeared  to  have  received  its 
coping-stones  and  to  stand  forth  completed.  All  that  foreign  countries 
had  acquired  in  bygone  times  in  the  way  of  discoveries  now  yielded 
rich  fruit  also  in  Germany. 

Organicchemistry— or  what  is  now  called  organic  chemistry — had  then 
no  existence.  It  is  true  that  Thenard  and  Gay-Lussac,  Berzelius, 
Prout,  and  Dobereiner  had  already  laid  the  foundations  of  organic 
analysis,  but  even  the  great  investigations  of  Chevreul  upon  the  fatty 
bodies  excited  but  little  attention  for  many  years.  Inorganic  chemistry 
demanded  too  much  attention,  and,  in  fact,  monopolized  the  best  ener- 
gies. 

The  bent  which  I  acquired  in  Paris  was  in  a  quite  different  direction. 
Through  the  work  which  Gay-Lussju;  had  done  with  me  upon  fulmi- 
nating silver  I  was  familiar  with  organic  analysis,  and  I  very  soon  saw 
that  all  progress  in  organic  chemistry  depended  essentially  ui)on  its 
simplification;  for  in  this  branch  of  chemistry  one  has  to  do  not 
with  different  elements  which  can  be  recognized  by  their  peculiar  prop- 
erties, but  always  with  the  same  elements  whose  relative  proportions 
and  arrangement  determine  the  properties  of  organic  compounds. 

In  organic  chemistry  an  analysis  is  necessary  to  do  that  for  which  a 
reaction  suffices  in  inorganic  chemistry. 
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Tlie  first  years  of  my  career  in  Gia«tsen  I  devotetl  almost  exclusively 
to  the  improvement  of  the  methods  of  organic  analysis,  and  the  imme- 
diate result  was  that  there  began  at  this  little  university'  an  activity 
which  had  never  before  been  seen. 

For  the  solution  of  innumerable  questions  connected  with  plants  and 
animals,  on  their  constituents,  and  on  the  reactions  accompanying  their 
transformation  in  the  organism,  a  kindly  fate  brought  together  the  most 
talented  young  men  from  all  the  countries  of  Europe,  and  any  one  can 
imagine  what  an  abundance  of  facts  and  experiences  I  gained  from  so 
many  thousands  of  exi)eriments  and  analyses,  which  were  carried  out 
every  year,  and  for  so  many  years,  by  twenty  and  more  indefatigable  and 
skilled  young  chemists. 

Actual  teaching  in  the  laboratory,  of  which  practiced  assistants  took 
charge,  was  only  for  the  beginners;  the  progress  of  my  special  students 
depended  on  themselves.  I  gave  the  task  and  supervised  the  carrying 
out  of  it,  as  the  radii  of  a  circle  have  all  their  common  center.  There 
was  no  actual  instruction;  I  received  from  each  individual  every  morn- 
ing a  report  upon  what  he  had  done  on  the  previous  day,  as  well  as  his 
views  on  what  he  wjis  engaged  uiM)n.  I  approved  or  maile  my  criti- 
cisms. Every  one  was  obliged  to  follow  his  own  course.  In  the  asso- 
ciation and  constant  intercourse  with  each  other,  and  by  each  partici- 
pating in  the  work  of  all,  every  one  learned  from  the  others.  Twice  a 
week,  in  winter,  I  gave  a  sort  of  review  of  the  most  important  questions 
of  the  day ;  it  was  maiidy  a  report  on  my  own  and  their  work  combined 
with  the  researches  of  other  chemists. 

We  worked  from  break  of  day  till  nightfall.  Dissipations  and  amuse- 
ments were  not  to  be  had  at  Giessen.  The  only  complaint,  which  was 
continually  repeated,  was  that  of  the  attendant  (Aubel),  who  could  not 
get  the  workers  out  of  the  laboratory  in  the  evening,  when  he  wanted 
to  clean  it. 

The  remembrance  of  this  sojourn  at  Giessen  awakened  in  most  of  my 
pupils,  as  1  have  frequently  heard,  an  agreeable  sense  of  satisfaction 
for  well-spent  time. 

I  had  the  great  good  fortune,  from  the  commencement  of  my  career 
at  Giessen,  to  gain  a  friend  of  similar  tastes  and  similar  aims,  with 
whom,  after  so  many  years,  1  am  still  knit  in  the  bonds  of  warmest 
afte<'tion. 

While  in  me  the  predominating  inclination  was  to  seek  out  the  points 
of  resembLince  in  the  behavior  of  bodies  or  their  compounds,  he  pos- 
sessed an  unparalleled  faculty  of  perceiving  their  differences.  A  keen- 
ness of  observation  was  combined  in  him  with  an  artistic  dexterity, 
and  an  ingeniousness  in  discovering  new  means  and  methods  of  research 
or  analysis  such  as  few  men  possess. 

The  achievement  of  our  joint  work  upon  uric  acid  and  oil  of  bitter 

air-  "equently  been  praised;  it  was  his  work.    I  can  notsuffi- 

^timate  the  advantage  which  the  association  with  Wohler 
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brought  to  me  in  the  attainment  of  my  own  as  well  as  our  mutaal  aims, 
for  by  that  association  were  united  the  peculiarities  of  two  schools — 
the  good  that  was  in  each  became  effective  by  co-operation.  With- 
out envy  and  without  jealousy,  hand  in  hand,  we  imrsued  our  way; 
when  the  one  needed  help,  the  other  was  ready.  Some  idea  of  this 
relationship  may  be  obtained  if  I  mention  that  many  of  our  smaller 
pieces  of  work  which  bear  our  joint  names  were  done  by  one  alone; 
they  were  charming  little  gifts  which  one  presented  to  the  other. 

After  sixteen  years  of  the  most  laborious  activity  I  collected  the 
results  gained,  so  far  as  they  related  to  plants  and  animals,  in  my 
"  Chemistry  Applied  to  Agriculture  and  Physiology,"  two  years  later 
in  my  <*  Animal  Chemistry,"  and  the  researches  made  in  other  direx;tions 
in  my  "  Chemical  Letters."  The  last-mentioned  was  generally  received 
as  a  popular  work,  which,  to  those  who  study  it  more  closely,  it  really 
is  not,  or  was  not  at  the  time  when  it  appeared. 

Mistakes  were  made,  not  in  the  facts,  but  in  the  deductions  about 
organic  reactions;  we  were  the  first  pioneers  in  unknown  regions,  and 
the  difficulties  in  the  way  of  keeping  on  the  right  path  were  sometimes 
insuperable. 

Now,  when  the  paths  of  research  are  beaten  roads,  it  is  a  much  easier 
matter;  but  all  the  wonderful  discoveries  which  recent  times  have 
brought  forth  were  then  our  own  dreams,  whose  realization  we  surely 
and  without  doubt  anticipated. 


Here  the  mauuscript  ends,  and  it  is  to  be  hoped  that  more  of  It  will  yet  be  found. 

Liebig's  reference  to  Wohler  is  very  toocliing,  and  shows  a  side  of  his  character 
which  all  his  pupils  knew  weU;  they  tell  many  genial  stories  illustrating  bis  unself- 
ishness and  kindness  of  heart.  One  could  have  wished  that  he  had  not  cousidered 
the  stories  **  bordering  on  the  fabulous/' of  how  he  "found  favor  in  the  sight  of 
Humboldt,  Gay-Lussac,  and  Thenard,  out  of  place  here."  They  would  have  been 
far  from  out  of  place.  Mr.  Mnspratt  supplies  one  of  these  stories  as  he  heard  it 
from  Liebig's  own  lips,  in  the  Miinich  Laboratory,  as  follows : 

Liebig  frequently  spoke,  in  most  grateful  terms,  of  the  kind  manner 
in  which  he — a  youth  barely  eighteen — was  received  by  Gay-Lussac, 
Thenanl,  and  other  eminent  chemists,  in  Paris. 

In  the  summer  of  1823  he  gave  an  account  of  his  analysis  of  fulmi- 
nating silver  before  the  Academy.  Having  finished  his  paper,  as  he  was 
packing  up  his  preparations,  a  gentleman  came  up  to  him  and  ques- 
tioned him  as  to  his  studies  and  fiiture  plans,  and  after  a  most  exact- 
ing examinjition,  ended  by  asking  him  to  dinner  on  the  following  Sun- 
day. Liebig  accepted  the  invitation,  but,  through  nervousness  and 
confusion,  forgot  to  ask  the  name  and  address  of  his  interviewer.  Sun- 
day came,  and  poor  Liebig  was  in  despair  at  not  being  able  to  keep  his 
engagement. 

The  next  day  a  friend  came  to  him,  and  said,  "  What  on  earth  did 
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you  mean  by  not  coming  to  dine  with  von  Humboldt  yesterday,  who 
had  invited  Gay-Lussac  and  other  chemists  to  meet  you?''  "I  was 
thunderstruck,"  said  Liebig,  ^^  and  rushed  off,  as  fast  as  I  could  run,  to 
von  Humboldt's  lodgings,  and  made  the  best  excuses  I  could."  The 
great  traveller,  satisfied  with  the  explanation,  told  him  it  was  unfortu- 
nate, as  he  had  several  members  of  the  Academy  at  his  house  to  meet 
him,  but  thought  he  could  make  it  all  right  if  he  would  come  to  dinner 
next  Sunday.  He  went,  and  there  made  the  acquaintance  of  Gay- 
Lussac,  who  was  so  struck  with  the  genius  and  enthusiasm  of  the  youth 
that  he  took  him  into  his  private  laboratory,  and  continued,  in  conjunc- 
tion with  him,  the  investigation  of  the  fulminating  compounds. 
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DIVERGENT  EVOLUTION  THROUGH  CUMULATIVE  SEGRE- 
GATION.* 


By  Rev.  John  Thomas  Gulick. 


INTRODUCTION. 

Ill  my  study  of  Sandwich  Island  terrestrial  mollusks,  my  attention 
was  early  arrested  by  the  fact  that  wide  diversity  of  allied  species 
occurs  within  the  limits  of  a  single  island  and  in  districts  which  pre- 
sent essentially  the  same  environment.  As  my  observations  extended 
I  became  more  and  more  impressed  with  the  improbability  that  these 
divergences  had  been  caused  by  differences  in  the  environment.  It 
was  not  easy  to  prove  that  sexual  selection  had  no  influence;  but, 
owing  to  the  very  low  grade  of  intelligence  jKissessed  by  the  creatures, 
it  seemed  impossible  that  the  form  and  coloring  of  the  shells  should  be 
the  result  of  any  such  process.  I  was  therefore  led  to  search  for  some 
other  cause  of  divergent  transformation,  the  diversity  of  whose  action 
is  not  dependent  on  differences  in  nature  external  to  the  organism. 

I  found  strong  proof  that  there  must  be  some  such  principle,  not 
only  in  the  many  examples  of  divergence  under  uniform  activities  in 
the  environment,  but  in  the  fact  that  the  degrees  of  divergence  between 
nearly  allied  forms  are  roughly  measured  by  the  number  of  miles  by 
which  they  are  separated,  and  in  the  fact  that  this  correspondence 
between  the  ratios  of  distance  and  the  ratios  of  divergence  is  not  x>er. 
ceptibly  disturbed  by  passing  over  the  cre^t  of  the  island  into  a  region 
where  the  rainfall  is  much  heavier,  and  still  further  in  the  fact  that  the 
average  size  of  the  areas  occupied  by  the  species  of  any  group  varies, 
as  we  pass  from  group  to  group,  according  as  the  habits  of  the  group 
are  more  or  less  favorable  to  migration.  I  perceived  that  these  f;icts 
could  all  be  harmonized  by  assuming  that  there  is  some  cause  of  diver- 
gence more  constant  and  potent  than  differences  in  nature  external  to 
the  organism,  and  that  the  influence  of  this  cause  was  roughly  meas- 
ured by  the  time  and  degree  of  separation. 

During  the  summer  of  1872,  I  prepared  two  papers,  in  which  these 
facts  and  opinions  Mere  presented.    One  of  these,  entitled  ^* The  Vari- 


**  {Read  December  15,  1887.]     From  The  Journal  of  Zodlogy  of  the  Linnean  Society ^ 
September,  1888,  vol.  xx,  pp.  189-274. 
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atioa  of  Species  as  Belated  to  their  Geographical  Distribution,  illus- 
trated by  the  Achatinelliuae,"  was  published  in  Xature  for  July  18, 1872; 
the  other,  entitled  "  Diversity  of  Evolution  under  One  Set  of  External 
Conditions,"  after  being  read  before  the  British  Association  for  the 
Advancement  of  Science  in  August,  1872,  was,  through  the  kindness 
of  Mr.  Alfred  Wallace,  brought  before  the  Linnean  Society,  and  was 
finally  published  in  the  Linnean  JSociety^s  Journal,  Zoology,  vol.  xi,  pp. 
496-505. 

In  the  former  paper  I  used  the  following  words  in  calling  attention 
to  the  impossibility  of  explaining  the  origin  and  distribution  of  these 
forms  by  natural  selection:  "Whether  we  call  the  diflferent  forms 
species  or  varieties,  the  same  questions  are  suggested  as  to  how  they 
have  arisen  and  as  to  how  they  have  been  distributed  in  their  several 
localities.  In  answering  these  questions,  we  find  it  difficult  to  point  to 
any  of  those  active  causes  of  accumulated  variation,  classed  by  Darwin 
as  natural  selection.  -  -  -  There  is  no  reason  to  doubt  that  some 
varieties  less  fitted  to  survive  have  disappeared ;  but  it  does  not  fol- 
low that  the  'survival  of  the  fittest'  (those  best  fitted  when  compared' 
with  those  dying  prematurely,  but  equally  fitted  when  compared  with 
each  other)  is  the  determining  cause  which  has  led  to  these  three 
species  being  separated  from  each  other  in  adjoining  valleys.  The  ^sur- 
viral  of  ihrJittesV  still  leaves  a  problem  concerning  the  distribution  of  those 
cqu4iUy  fitted.  It  can  not  be  shown  that  the  ^survival  of  the  fittest'  is 
at  variance  with  the  survival,  under  one  set  of  external  circumstances, 
of  varieties  differing  more  and  more  widely  from  each  other  in  each 
successive  generation.  The  case  of  the  species  under  consideration* 
does  not  seem  to  be  one  in  which  difierence  of  environment  has  been 
the  occasion  of  different  forms  being  preserved  in  the  different  locali- 
ties, it  is  rather  one  in  which  varieties  resulting  from  some  other 
cause,  though  equally  fitted  to  survive  in  each  of  the  localities,  have 
been  distributed  according  to  their  affinities  in  separate  localities." 

In  the  latter  paper  I  raised  the  following  (juestions  concerning  nat- 
ural selection.    "The  terms  'natural  selection '  and  'survival  of  the 
fittest'    -    -    -    imply  that  there  are  variations  that  maybe  accumu- 
lated   according  to   the  differing    demands    of    external  conditions. 
What,  then,  is  the  effect  of  these  variations  when  the  external  condi- 
tions remain  the  same?    Or  can  it  be  shoMU  that  there  is  no  change  in 
-.«««..;««,..  +i,«4  ;«  ^^^  ^jj^  result  of  change  in   external  conditions! 
on  of  change  in  the  organism  is  through  change  in 
-     -     does  the  change  expend  itself  in  producing 
^  one  new  species  completely  fitted  to  the  conditions, 
mi  one  stock  many  that  are  equally  fitted f''  (p.  497). 
questions  I  called  '^  attention  to  the  variation  and 
atrial  mollusks,  more  especially  those  found  on  the 
and  gave  what  seemed  to  me  strong  reasons  for 
evolution  of  these  different  forms  can  not  be  attrilh 
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uted  to  difference  in  their  external  conditions,  -  -  -  If  we  would 
accoant  for  the  diflference  and  the  limited  distribution  of  these  allied 
forms  on  the  hypothesis  of  evolution  from  one  original  species,  it  seems 
to  me  necessary  to  suppose  two  conditions j  separation  and  variation.  I 
regard  separation  as  a  condition  of  the  species  and  not  of  surrounding 
nature,  because  it  is  a  state  of  division  in  the  stock  which  does  not 
necessarily  imply  any  external  harriers^  or  even  the  occupation  of  separate 
districts.  This  may  he  illustrated  by  the  separation  between  the  castes  of 
Indiaj  or  betweeyi  different  genera  occupying  the  same  locality.  -  -  - 
We  must  suppose  that  they  [the  diverging  forms]  must  possess  an  in- 
herent  tendency  to  variation  so  strong  that  all  that  is  necessary  to  secure 
a  divergence  of  types  in  the  descendants  of  one  stock  is  to  prevent^  through 
a  series  of  generations,  their  intermingling  with  each  other  to  any  great 
degree "  (pp.  498, 499).  I  also  called  attention  to  the  fact  that  some 
forms  of  natui-al  selection  must  "  prevent  variation  and  give  a  wider 
diffusion  to  forms  that  would  otherwise  be  limited  in  their  range  and 
variable  in  their  type.  Natural  selection  is  as  eflftcient  in  producing 
permanence  of  type  in  some  cases  as  in  accelerating  variation  in  other 
cases"  (p.  504).  On  page  499  I  pointed  out  the  law  that  <'the  area 
occupied  by  any  species  must  vary  directly  as  it«  power  and  opportunity 
for  migration,  and  inversely  as  its  jiower  of  [divergent]  variation." 
And  on  page  505  I  gave  a  brief  summary  of  my  reasons  for  believing 
that  '*  separation  without  a  difference  of  external  circumstam'es  is  a  con- 
dition sufficient  to  ensure    -    -     -    divergence  in  type.^^ 

Subsequent  investigation  has  led  to  the  development  of  my  theory, 
with  a  fuller  discussion  of  the  causes  and  laws  that  are  revealed  in 
these  phenomena.  In  an  article  published  in  The  Chrysanthemum 
(Yokohama  and  London,  Triibner  &  Co.),  January,  1883,  I  state  my 
beUef  "  that  the  quality,  the  diversity,  and  the  rapidity  of  the  varia- 
tion depend  chiefly  upon  the  nature  of  the  organism;  and  that  while 
the  nature  of  the  external  conditions  has  power  to  winnow  out  what- 
ever forms  are  least  fitted  to  survive,  there  will  usually  remain  a  number 
of  varieties  equally  fitted  to  survive;  and  that  through  the  law  of  segre- 
gation constantly  operating  in  sx)ecies  distributed  over  considerable 
areas,  these  varieties  continue  to  diverge  both  in  form  and  in  habits  till 
separate  species  are  fully  established,  though  the  conditions  are  the 
same  throughout  the  whole  area  occupied  by  the  diverging  forms." 
The  conclusion  reached  was  that  "  The  theory  that  diversity  of  natu- 
ral selection  is,  like  variation,  an  essential  factor  in  producing  diversity 
of  species,  is  untenable.  On  the  contrary,  we  find  that  diversity  of 
natural  selection  is  not  necessary  to  diversity  of  evolution,  nor  uni- 
formity of  natural  selection  to  uniformity  of  evolution;  but  while 
variation  and  separation  are  the  essential  factors  in  diversity j  and  inter- 
crossing and  unity  of  descent  the  essential  agents  in  uniformity  of 
evolution,  natural  selection  may  be  an  important  ally  on  either  side." 

Jn  an  article  on  *'  Evolution  in  the  Organic  World,"  publisb'^ 
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The  Chinese  Recorder  (Shanghai),  July,  1885, 1  use  the  following  lan- 
guage: "  We  see^what  natural  selection  can  not  explain  by  considering 
the  nature  of  the  process.  The  survival  of  the  fittest  results  in  the 
separate  breeding  of  the  fittest,  and  therefore  in  the  increasing  fitness 
of  successive  generations  of  survivors;  but  how  can  it  account  for  the 
division  of  the  survi'vors  of  one  stocky  occupying  one  country^  into  forms 
differing  more  and  more  widely  from  each  other  f  To  explain  such  a  result 
we  must  find  some  other  law,  I  am  prepared  to  show  that  there  is  such  a 
law  arismg  out  of  the  very  nature  of  organic  activitieSy  a  law  of  segrega- 
tiony  bringing  together  those  similarly  endowed  and  separating  them  from 
those  differently  endowed,^ 

Without  variation  there  can  be  no  segregate  breeding;  and  with- 
out segregate  breeding  and  heredity  there  can  be  no  accumulation  of 
divergent  variations  resulting  in  the  formation  of  races  and  species. 
In  producing  divergent  evolution  the  causes  of  variation  and  heredity 
are  therefore  as  important  as  the  causes  of  segregate  breeding;  and 
though  I  pass  them  by  in  my  present  discussion,  I  trust  it  will  not  be 
attributed  to  an  under-estimate  of  their  importance.  Though  I  do  not 
stop  to  discuss  the  causes  of  variation,  my  reasoning  rests  on  the 
observed  fact  that  in  every  deparment  of  the  organic  world  variation 
is  found,  and  that  in  the  vast  majority  of  cases,  if  not  absolutely  in  all, 
the  diversities  to  which  any  freely  inter- generating  group  of  organisms 
is  subject  follow  the  general  law  of  "  frequency  of  deviation  from  an 
average."  As  this  is  a  law  according  to  which  half  of  the  members  of 
the  inter-generating  group  are  above  and  half  below  the  average  in  rela- 
tion to  any  character,  there  must  often  occur  simultaneous  variation  of 
several  individuals  in  some  character  which  tends  to  produce  segregate 
breeding.  The  reality  and  importance  of  this  law  is  not  at  all  depend- 
ent on  the  reality  of  any  of  the  theories  of  heredity  and  variation  that 
are  now  being  discussed.  Whatever  may  be  the  causes  that  produce 
variation,  whether  they  depend  entirely  upon  changes  in  external  con- 
ditions or  are  chiefly  due  to  changing  activities  in  the  organism  and 
the  hereditary  effects  of  acquired  characters,  or  are  (as  Weismann  main- 
tains) the  direct  result  of  sexual  reproduction  which  never  transmits 
acquired  characters — in  any  and  every  case  this  law  of  deviation  from 
an  average  remains  undisturbed  and  is  recognized  as  an  important  fac- 
tor in  the  present  paper.  It  therefore  can  not  be  urged  that  the  theory 
here  advanced  assumes  simultaneous  variation  without  any  ground  for 
making  such  an  assumption ;  nor  can  it  be  said  that  it  rests  on  the 
incredible  assumption  that  chance  variation  of  very  rare  kinds  will  bo 
duplicated  at  one  time  and  place  and  will  represent  both  sexes. 

Moritz  Wagner  first  discussed  what  he  calls  '^  The  law  of  the  luigia- 

tion  of  organisms,"  in  a  paper  read  before  the  Royal  Academy  of 

Sciences  at  Munich,  in  March,  1868;  but  my  attention  was  not  called 

toit  till  after  the  reading  of  my  paper  before  the  British  Association 

t,  1872.    In  a  fuller  paper  entitled  <<  The  Darwinian  Theory 
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and  the  Law  of  the  Migration  of  Organisms,"  an  English  translation 
of  which  was  pnblished  by  Edward  Stanford  (London,  1873),  the  same 
author  maintains  that  ^^the  constanttendency  of  individuals  to  wander 
from  the  station  of  their  species  is  absolutely  necessary  for  the  forma- 
tion of  races  and  species '^  (p.  4).  "The  migration  of  organisms  and 
their  colonization  are,  according  to  my  conviction,  a  necessary  con- 
dition of  natural  selection  ^  (p.  5).  On  pages  66  and  67  he  expands 
the  same  statement,  and  objects  to  Darwin's  view  <^  that  on  many  large 
tracts  all  individuals  of  the  same  species  have  become  gradually 
changed."  Again,  he  contends  that  "  transformation  is  everywhere 
and  always  dependent  on  isolation  in  order  to  have  lasting  effect. 
Without  separation  from  the  home  of  the  species,  this  wonderful 
capacity  would  be  completely  neutralized''  (p.  74).  *' Natural  selection 
is  not  in  itself  an  unconditional  necessity,  but  is  dependent  on  migra- 
tion and  geographical  isolation  during  a  long  period,  together  with 
altered  conditions  of  life"  (p.  57).  "  Where  there  is  no  migration,  that 
is,  where  no  isolated  colony  is  founded,  natural  selection  can  not  take 
place"  (p.  69). 

A  comparison  of  his  pax>er  with  my  two  papers  published  in  1872, 
already  referred  to,  will  show  several  fundamental  differences  in  the 
two  theories.    He  maintains  that — 

(1)  The  separation  of  a  few  individuals  from  the  rest  of  the  species  is 
absolutely  necessary  for  the  operation  of  natural  selection,  and  there- 
fore for  any  transformation  of  the  species,  no  matter  how  great  the 
change  of  conditions  may  be  in  the  original  home  of  the  species. 

(2)  Migration  and  geographical  barriers  are  the  only  effectual 
causes,  independent  of  human  action,  by  which  a  few  individuals  can 
be  separated  from  the  rest  of  the  species,  and  are  therefore  necessary 
to  the  transformation  of  species. 

(3)  Exposure  to  a  new  form  of  natural  selection  is  a  necessary  con- 
dition for  any  transformation  of  a  species. 

(4)  Difference  of  external  conditions  is  necessary  to  difference  of 
natural  selection,  and  therefore  necessary  to  any  transformation  of 
species. 

(5)  Geographical  isolation  and  altered  conditions  of  life  are  necessary 
conditions  for  natural  selection,  as  that  is  for  the  modification  of  sx>e- 
cies. 

(6)  The  separation  of  which  he  speaks  is  the  entering  of  a  few  indi- 
viduals into  a  new  territory,  where  the  conditions  are  different  from 
those  in  the  old  habitat,  and  where  the  body  of  the  species  fail  of  reach- 
ing them. 

My  chief  positions  were  the  following,  in  strong  contrast  with  the  fore- 
going— 

(1)  Separate  generation  is  a  necessary  condition  for  divergent  evolu- 
tion, but  not  for  the  transformation  of  all  the  survivors  of  a  species  in 
one  way. 

H.  Mis.  334,  pt.  1 18 
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(2)  "  Separation  does  not  necessarily  imply  any  external  bairiers,  or 
even  the  occupation  of  separate  districts." 

(3)  Diversity  of  natural  selection  is  not  necessary  to  diversity  of 
evolution. 

(4)  DiflFerence  of  external  conditions  is  not  necessary  to  diversity  of 
evolution. 

(5)  "  Separation  and  variation,^  that  is,  variation  not  overwhelmed 
by  crossing,  "is  all  that  is  necessary  to  secure  a  divergence  of  types  in 
the  descendants  of  one  stock,''  though  external  conditions  remain  the 
same,  and  though  the  separation  is  other  than  geological. 

(6)  The  separation  of  which  I  speak  is  anything,  in  the  species  or  in 
the  environment,  that  divides  the  species  into  two  or  more  sections 
that  do  not  freely  inter-cross,  whether  the  different  sections  remain  in 
the  original  home  or  enter  new  and  dissimilar  environments. 

Though  these  propositions  were  very  briefly  and  imi)erfectly  pre- 
sented, I  am  not  aware  that  any  better  statement  of  the  facts  of  segre- 
gation had  been  previously  published. 

The  present  paper  is  the  result  of  a  long-continued  endeavor  to  un- 
derstand the  relations  in  which  this  factor  stands  to  natural  selection 
and  the  other  causes  that  co-operate  in  producing  divergent  evolution; 
and  though  my  work  has  been  done  under  the  great  disadvantage  of 
entire  separation  from  libraries  and  from  other  workers  in  similar  lines, 

I  trust  it  may  contribute  something  towards  the  elucidation  of  the  sub- 
ject. In  expanding  my  theory  I  have  been  unable  to  make  any  use  of 
the  positions  taken  in  Moritz  Wagner's  paper,  as  they  seem  to  me  very 
extreme  and  far  removed  from  the  facts  of  nature.  The  two  theories 
correspond  chiefly  in  that  they  discuss  the  relation  of  separation  to  the 
transformation  of  species,  while  the  explanations  given  of  the  nature, 
causes,  and  eft'ects  of  separation  widely  differ.  I  am  informed  that  my 
paper  on  '^Diversity  of  evolution  under  one  set  of  external  conditions" 
was  translated  and  circulated  in  Germany;  but  whether  it  had  any 
effect  in  modifying  Wagner's  theory  I  have  not  the  means  of  knowing. 

I  have  recently  discovered  that  the  principle  of  segregate  breeding, 
which  I  have  found  to  be  of  such  importance  in  the  evolution  of  species, 
is  allied  to  the  law  of  segregation  propounded  by  Spencer  in  his  "First 
Principles."  By  direct  consideration  of  the  conditions  that  have  been 
found  necessary  for  the  development  of  divergent  races  of  domestic 
plants  and  animals  I  have  discovered  segregate  breeding  as  a  neces- 
sary condition  for  divergent  evolution,  and  by  direct  observation  on  the 
propagation  of  plants  and  animals  under  natural  conditions  I  have  dis- 
covered cumulative  segregation  as  a  constant  result  from  certain  tbrms 
of  activity  in  the  organism  when  dealing  with  a  complex  environment. 

I I  is  therefore  with  special  pleasure  that  I  observe  that  a  law  of  very  simi- 
lar import  may  be  derived  by  a  wholly  different  method  from  the  general 
laws  of  action  and  reaction  in  the  physical  world.  It  should,  however, 
be  noticed  that  in  the  brief  references  made  to  the  subject  in  Spencer's 
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"Principles  of  Biology'^*  it  is  assumed  that  ^*  increasingly  definite  dis- 
tinctions among  variations  are  produced  wherever  thereoccur  definitely- 
distinguished  sets  of  conditions  to  which  the  varieties  are  respectively 
subject/'  and  only  where  these  occur;  for  "Vital  actions  remain  con- 
stant so  long  as  the  external  actions  to  which  they  cx)rrespond  remain 
constant'';  and  no  reference  isanywhere  made  to  the  i)rinciple  that  what- 
ever causes  sexual  separation  between  dissimilar  members  of  one  family, 
race,  or  species  tends  not  only  to  perpetuate,  but  to  iucrease  their  dis- 
similarity in  the  succeeding  generations.  The  view  maintained  in  the 
following  paper  is  I  believe  in  better  accord  with  the  fundamental  prin- 
ciple that  "  Unlike  units  of  an  aggregate  are  sorte<l  into  their  kinds  and 
parted  when  uniformly  subject  to  the  same  incident  forces,"!  as  is  also 
the  teaching  of  Spencer's  "  Principles  of  Biology,"  in  one  passage;  for  I 
have  recently  discovered  that  in  a  sin^rle  paragraph  of  this  work  it  is 
maintained  that  while  exposed  to  the  same  external  conditions,  the 
members  of  the  same  species  may  be  increasingly  dift'erentiated,  "  until 
•at  length  the  divergence  of  constitutions  and  modes  of  life  become  great 
enough  to  lead  to  segregation  of  the  varieties."!  If  the  segregation  had 
been  introduce  as  a  necessary  condition  without  which  the  divergence 
of  families  and  races  could  not  take  place,  the  position  taken  in  this 
paragraph  would  have  been  essentially  the  same  as  the  one  I  have 
adopted.  In  the  next  section,  however,  he  abandons  the  position,  using 
the  following  words :  "  Through  the  process  ot  ditt'erentiation  and  inte- 
gration, which  of  necessity  brings  together,  or  keeps  together,  like  indi- 
viduals, and  separates  unlike  ones  from  them,  there  must  nevertheless 
he  maintained  a  tolerably  uniform  species^  so  long  as  there  continues  a 
tolerably  uniform  set  of  conditions  in  which  it  may  exist  [The  italics  are 
mine.] 

1  trust  my  endeavor  to  contribute  something  toward  the  development 
of  the  theory  of  divergent  evolution  will  not  be  attributed  to  any  lack 
of  appreciation  of  what  has  already  been  accomplished.  The  pro- 
pounders  of  a  doctrine  which  has  profoundly  influenced  every  depart- 
ment of  modern  thought  need  no  praise  from  me;  but  as  their  theory  is 
confessedly  incomplete,  and  as  one  of  the  leaders  in  the  movement  has 
called  attention  to  the  need  of  a  re-discussion  of  the  fundamental  factors 
of  evolution,  I  offer  my  suggestions  and  amendments  after  prolonged 
and  careful  study. 

PHYSIOLOGICAL   SELECTION   AND   SEGREGATE  FECUNDITY, 

The  abstract  of  Mr.  Ilomanes's  paper  on  "  Physiological  selection," 
given  in  Nature  Augusts,  12,  and  19, 1886,  did  not  come  into  my  hands 
till  the  following  January,  when  my  theory  of  divergent  evolution 
through  cumulative  segregation,  which  had  oeen  gradually  developing 

*Comi>are  U  91,  156,  169,  170 

t  See  Spencer's  "First  Princijiles",  $  166,  near  the  end  j  also  a  fuller  statement  in 
$  169. 
t  See  ibid.,  §  90. 
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since  the  publication  of  my  paper  ou  '•  Diversity  of  evolution  under 
one  set  of  external  conditions,  ^  was  for  the  most  part  written  out  in 
its  present  form.  Since  then,  and  with  reference  to  the  discussion  on 
physiological  selection,  I  have  worked  out  the  algebraic  formulas  given 
in  the  last  chapter,  and  have  introduced  explanations  of  the  same;  but 
at  the  same  time  I  have  removed  several  chapters  in  which  the  principle 
of  selection  was  discussed  at  length,  and  have  endeavored  to  bring  the 
whole  within  a  compass  that  would  allow  of  its  being  published  by  some 
scientific  society.  In  order  to  attain  this  end,  I  reserve  for  another 
occasion  a  discussion  of  the  principles  of  intensive  segregation,  under 
which  name  I  class  the  different  ways  in  which  other  x)rinciples  com- 
bine with  segregation  in  producing  divergent  evolution. 

It  was  my  intention  to  bring  together  examples  of  the  different  forms 
of  Segregation  discussed,  that  they  might  be  published  with  the  theo- 
retical part;  but  the  large  number  of  pages  found  necessary  for  even 
the  briefest  presentation  of  the  principles  involved,  and  the  fact  that 
Mr.  Bomanes's  paper  has  appeared  relating  to  some  of  the  same  prob-  * 
lems,  leads  me  to  present  the  results  of  my  studies  without  further 
delay.  The  facts  on  which  large  portions  of  my  theory  rest  are  of  the 
most  familiar  kind,  and  no  additional  light  would  be  gained  though 
their  numbers  were  multiplied  a  hundredfold.  Indeed,  one  of  the 
marked  features  of  my  theory  is  that  in  its  chief  outlines  it  rests  on 
facts  that  are  universally  acknowledged.  The  aim  of  the  theory  is  to 
show  the  connection  of  these  facts  with  divergent  evolution. 

Though  many  divergencies  appear  in  our  method  of  treating  thesub- 
je^ct,  the  fundamental  theory  underlying  my  segregate  fecundity  and 
Mr.  Romanes's  Physiological  Selection  seems  to  be  very  similar,  if  not 
the  same.  The  most  imx)ortant  differences  I  have  noticed  are,  ( 1 )  that  he 
seems  to  regard  mutual  sterility  as  sufficient  to  account  for  the  separate 
propagation  of  species  and  varieties  thus  characterized,  without  calling 
in  the  aid  of  any  other  form  of  segregation,  while  I  regard  it  as  a  neg- 
ative form  of  segregation  that  would  result  in  the  general  destruction 
of  all  life  if  not  associated  with  what  I  call  jwsitive  forms  of  segrega- 
tion; and  (2)  that  he  maintains  that  ^^  Physiological  selection  is  almost 
exclusively  a  theory  of  the  origin  of  species,  seeing  that  it  can  but 
very  rarely  have  had  anything  to  do  with  the  formation  of  genera,  and 
can  never  have  had  anything  at  all  to  do  with  the  formation  of  fami- 
lies, orders,  or  classes.  Hence  the  evidence  which  we  have  of  the  evo- 
lutionary influence  of  physiological  sele>ction,  unlike  that  which  we 
have  of  the  evolutionary  influence  of  natural  selection,  is  confined 
within  the  limits  of  specific  distinctions,''*  while  I  maintain  that  segre- 
gation of  some  form  is  a  necessary  condition  for  all  divergent  evolu- 
tion, and  that  in  fact  segregate  fecundity  in  many  cases  prevents  the 
inter-crossing  of  divergent  forms  that,  though  descended  from  a  com- 
mon stock,  now  belong  to  different  families  and  orders. 


*  lAnn,  Soc,  Joum.,  Zo&lo^,  vol.  xix,  p.  396.    '^ 
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The  first  of  these  differences,  though  of  cousiderable  importance,  is 
I  think  dae  to  the  method  of  presentation  rather  than  to  any  funda- 
mental discrepancy  in  the  theories.  The  positive  forms  of  segregation 
are  I  judge  assumed  to  be  present,  though  their  co-operation  is  not 
distinctly  recognized  as  a  necessary  condition  for  the  breeding  of  forms 
that  are  mutually  sterile. 

1  must,  however,  confess  that  I  do  not  see  how  to  reconcile  his  state- 
ment that  ^<  Physiological  selection  can  never  have  had  anything  at  all 
to  do  with  tlie  formation  of  families,  orders,  or  classes"  with  what  I 
believe  to  be  the  facts  concerning  Segregate  Fecundity;  and  if  physio- 
logical selection  is  to  be  understood  as  including  Seasonal  and  perhaps 
other  forms  of  Segregation,  this  passage  seems  to  be  still  more  opposed 
to  the  principles  of  divergent  evolution  as  I  understand  them.  He  cer- 
tainly could  not  have  intended  to  say  that  mutual  fertility  between 
allied  genera  not  otherwise  segregated  would  not  have  stood  in  the 
way  of  their  becoming  different  families,  and  that,  therefore,  mutual 
sterility  has  had  nothing  to  do  with  their  continued  divergence;  still 
he  seems  to  have  failed  to  perceive  the  important  influence  this  prin- 
ciple must  have  had  on  the  divergent  evolution  of  the  higher  groups  of 
organisms. 

The  correspondences  in  the  two  papers  are,  notwithstanding,  more 
remarkable  than  the  differences.  Of  these,  the  most  conspicuous  is  the 
use  of  the  word  segregation  to  express  the  principle  under  considera- 
tion.* As  I  have  already  pointed  out,  I  used  this  word  for  the  same 
purx)ose  in  an  article  in  the  Chrysanthemum^  published  in  January, 
1883;  and  again  in  the  Chinese  Recorder  for  July,  1855,  where  I  spoke 
of  the  "law  of  segregation  rising  out  of  the  very  nature  of  organic 
activities,  bringing  together  those  similarly  endowed,''  and  causing  "  the 
division  of  the  survivors  of  one  stock,  occupying  one  country,  into  forms 
differing  more  and  more  widely  from  each  other.'' 

I  trust  that  my  discussion  of  the  various  forms  of  segregation,  both 
negative  and  positive,  though  presented  in  so  condensed  a  form,  will 
throw  light  on  the  subject  of  the  mutual  sterility  of  species;  and  that 
in  other  ways  my  presentation  of  the  subject  will  contribute  something, 
not  only  to  the  theory  of  physiological  segregation  but  to  other  branches 
of  the  general  theory  of  evolution. 

I  should  here  acknowledge  (what  will,  1  think,  be  manifest  on  every 
page  of  my  pai)er)  that  my  obligations  to  Darwin  and  Wallace  are  far 
greater  than  are  indicated  by  quotations  and  references. 

I  very  much  regret  that  I  have  failed  of  obtaining  a  copy  of  "  Evolu- 
tion without  Natural  Selection,"  by  Charles  Dixon;  but,  from  his  letter 
in  Nature^  vol.  xxxiii,  p.  100, 1  see  that  he  maintains  "  That  isolation 
can  preserve  a  non-beneficial  variation  as  effectually  as  natural  selection 
can  preserve  a  beneficial  variation."    He  does  not  there  refer  to  the  fact, 

•See  paper  on  "  Physiolgical  Selection/'  Linn.  Soc.  Joum,  Zoology f  vol.  xix,  pp. 
354,  356,  391,  395. 
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which  1  emphasize,  that  all  divergence  of  a  permanent  character, 
whether  beneficial  or  non-beneficial,  is  dependent  on  se-generation, 
either  separative  or  segregative. 

PRELIMINARY  DEFINITIONS. 

Believing  that  great  obscurity  has  often  been  introduced  into  the  dis- 
cussion of  biological  subjects  by  the  use  of  terms  of  uncertain  import, 
I  have  endeavored  to  obtain  greater  precision  by  giving  definitions  of 
the  terms  I  have  introduced ;  and  for  the  sake  of  indicating  what  words 
are  thus  used  with  special  and  definite  meanings,  they  have  been  dis- 
tinguished by  capitals.  A  few  of  these  definitions  are  here  given,  and 
others  will  be  given  in  the  body  of  the  paper. 

An  Inter-generanty  or  Intergeixerating  Oroup^  is  a  group  of  individuals 
so  situated  and  so  endowed  that  they  freely  cross  with  each  other. 

Se-generation,  or  Independent  Generation.  In  harmony  with  the  funda- 
mental doctrines  of  evolution,  I  assume  that  each  species  was  at  one  time 
a  single  inter-generant;  but  we  find  that  many  species  are  now  divided 
into  two  or  more  inter-generants,  between  which  there  is  little  or  no 
inter-crossin  g.  Th  is  state  of  freedom  from  crossin  g  I  call  Se-generation. 
Se-generation  is  of  two  kinds,  Separate  Generation  and  Segregate  Gen- 
eration. 

Separate  generation j  or  separation j  is  the  indiscriminate  division  of 
a  species  into  groups  that  are  prevented  from  freely  crossing  with  each 
other. 

Segregate  generation^  or  segregation,  is  the  inter-generation  of  similar 
forms  and  the  prevention  of  inter-generation  between  dissimilar  forms. 

Select  generation,  or  selection,  is  the  partial  or  complete  exclusion  of 
certain  forms  from  the  opportunity  to  propagate,  while  others  succeed 
in  propagating.  The  generation  of  any  form  is  select  with  reference  to 
the  non-generation  of  forms  that  fail  of  propagating,  and  segregate  vfith 
reference  to  the  generation  of  forms  that  propagate  successfully,  but 
separately. 

Adaptational  selection  is  exclusive  generation  that  depends  upon  supe- 
rior adaptation  either  to  the  environment  or  to  other  members  of  the 
same  species. 

Natural  selection  is  the  exclusive  generation  of  those  better  fitted  to 
the  natural  environment,  resulting  from  the  failure  to  generate  of  those 
less  fitted. 

Artificial  selection  is  the  exclusive  generation  of  those  better  fitt^  to 
the  rational  environment. 

Reflexive  selection  is  the  exclusive  generation  of  those  better  fitted  to 
the  relations  in  which  the  members  of  the  same  species  stand  to  eacli 
other.  Sexual,  social,  and  institutional  selection  are  forms  of  reflexive 
selection. 

The  environment  is  nature  lying  outside  of  the  inter-generant.  The 
influence  of  the  environment  is  the  sum  of  the  influences  that  fall  upon 
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the  members  of  an  inter-generant,  exclusive  qf  their  influence  upon  each 
other.  The  environment  of  an  inter-^^enerant  includes  members  of  the 
same  species  only  when  these  members  are  so  near  that  they  exert  an 
influence  through  competition  or  otherwise,  while  at  the  same  time  they 
are  so  far  differentiated  that  they  do  not  inter-cross;  in  other  words,  the 
members  of  the  same  species  can  mutally  belong  to  the  environment 
only  when  they  have  acquired  some  of  the  characteristics  of  independ- 
ent species.  The  same  environment  extends  as  far  as  the  activities 
that  affect  or  may  affect  the  species  extend  without  undergoing  change. 

Change  in  the  environment  is  chauge  in  the  exterual  activities  affect- 
ing the  species. 

Entering  a  new  environment  is  a  change  in  the  territorial  distribution 
of  the  species,  bringing  either  all  or  a  portion  of  its  members  within 
the  reach  of  new  influences.  This  may  also  be  called  change  of  invi- 
ronmenU 

Change  in  the  organisMj  whether  producing  new  adaptations  to  the 
environment  or  not,  should  be  carefully  distinguislied  ftom  both  of  the 
above-described  changes. 

Change  of  relations  to  the  environment  may  be  produced  by  change 
in  the  environment,  or  by  entering  a  new  environment,  or  by  change 
in  the  organism. 

As  great  confusion  has  been  occasioned  by  the  terms  "conditions  of 
life,''  and  "external  conditions  "being  used,  sometimes  for  activities 
outside  of  the  species  under  consideration  and  sometimes  for  those 
within  the  species  (as  for  example  the  influence  upon  the  seed  produced 
by  its  position  in  the  capsule),  I  have  tried  to  avoid  their  use. 

Monotypic  evolution  is  any  transformation  of  a  species  that  does  not 
destroy  its  unity  of  type. 

Polytypic  evolution  or  divergent  evolution  is  any  transformation  of  a 
species  in  which  different  types  api^ear  in  different  sections. 

Chapter  I. 

THE  EFFECTS  OF   SELECTION   AND    INDEPENDENT   (FENERATION   CON- 
TRASTED. 

In  as  far  as  any  theory  of  evolution  fails  of  giving  an  ex])lanation  of 
divergence  of  character,  in  so  far  it  fails  of  explaininj^  the  origin  of 
species.  This  is  the  crucial  test  which  must  decide  the  strength  or 
weakness  of  every  theory  that  is  brought  forward  U^  account  for  the 
derivation  of  many  species  from  one  original  species.  A  satisfactory 
theory  will  not  only  point  out  the  conditions  on  which  divergence 
depends,  but  will  show  that  these  conditions  are  the  natural  result  of 
causes  that  are  already  recognized  by  science  as  having  inflnence  in 
the  organic  world,  or  that  are  now  shown  to  have  such  influence. 

In  the  present  chapter  I  shall  present  some  reasons  for  believing 
that  neither   "  natural  selection, ''  nor  "  sexual  selection,"  nor   "  the 
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advantage  of  divergence  of  chat*acter,'^  nor  '^  diffei*ence  of  external 
conditions,^  nor  all  these  taken  together,  nor  any  form  of  selection 
that  may  be  hereafter  discovered,  is  sufficient  to  account  for  diver- 
gence of  character,  but  that  another  factor  of  equal  if  not  superior 
importance  must  be  recognized.  In  subsequent  chapters  I  shall  try  to 
trace  the  causes  on  which  this  additional  factor  depends,  and  to  indi- 
cate as  far  as  possible  the  laws  and  relations  under  which  they  appear. 

DIVERGENT  EVOLUTION  NOT    EXPLAINED  BY    NATURAL    SELECTION. 

Natural  selection  is  the  exclusive  generation  of  certain  forms  through 
the  failure  to  live  and  propagate,  of  other  kinds  that  are  less  adapted 
to  the  environment. 

In  the  case  of  thebreeder,  no  selection  avails  anything  that  does  not 
result  in  some  degree  of  exclusion.  In  the  case  of  natural  selection, 
where  we  are  not  considering  ineffectual  intentions,  the  selection  is 
measured  by  the  exclusion.  Where  there  is  no  exclusion  there  is  no 
selection,  and  where  the  exclusion  is  great  the  selection  is  severe. 
Moreover  it  is  self-evident  that  there  can  be  no  crossing  between  the 
best  fitted  that  survive  and  propagate  and  the  least  fitted  that  perish 
without  propagating.  To  this  extent,  therefore,  the  prevention  of 
crossing  is  complete.  And  further,  it  is  evident  that  those  whose 
meager  fitness  gives  them  but  little  opportunity  for  propagating  will 
have  a  correspondingly  diminished  opportunity  for  crossing  with  the 
best  fitted;  and  so  on  through  the  different  grades  ot  fitness,  the  power 
to  affect  the  next  genneration  through  having  a  share  in  propagating 
will  measure  the  power  to  affect  the  progeny  of  the  best  fitted  by  cross- 
ing with  them.  It  therefore  follows  that  the  freest  crossing  of  the  fit- 
test is  with  the  fittest. 

Natural  selectian  therefore  proves  to  be  a  process  in  which  the  fittest 
are  prevented  from  crossing  with  the  less  fitted  through  the  exclusion  of 
the  lessfittedj  in  proportion  to  their  lack  of  fitness.  Through  the  pre- 
mature death  of  the  least  fitted,  and  the  inferior  propagation  of  the 
less  fitted,  there  arises  a  continual  prevention  of  crossing  between  the 
less  fitted  and  the  better  fitted;  and  without  this  separation  the  trans- 
forming influence  of  the  laws  of  organic  life  would  have  no  power  to 
operate.  As  Darwin  has  pointed  out,  the  results  produced  by  this 
removal  of  the  less  fitted  and  separate  propagation  of  the  better  fitted 
closely  correspond  with  those  produced  by  the  breeder,  who  kills  off 
the  less  desirable  individuals  of  his  stock  before  they  have  an  oppor- 
tunity to  breed.  The  selection  of  the  breeder  avails  nothing  unless  it 
leads  to  the  determining  of  the  kind  that  shall  breed;  and  this  he  can 
not  accomplish  without  preventing  free  crossing  with  those  that  he 
does  not  desire.  He  must  use  some  method  to  secure  the  separate 
"^^  of  the  form  that  he  desires  to  propagate.  We  therefore  find 
latural  and  artificial  selection  tlie  same  fundamental  method. 
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In  either  case,  the  kind  that  is  to  propagate  is  determined  by  the 
selection,  and  those  that  are  not  to  propagate  are  in  some  way  ex- 
claded.  The  process  may  therefore  be  called  the  exclusive  breeding 
of  certain  kinds;  and  natural  selection  may  be  defined  as  the  exclusive 
breeding  of  those  better  adapted  to  the  environment 

But  if  from  one  stock  of  horses  we  wish  to  develop  two  distinct 
breeds,  one  of  which  shall  excel  in  fleetness  and  the  other  in  strength 
for  carrying  or  drawing  burdens,  the  result  will  not  be  gained  by  simply 
preventing  all  that  are  inferior  in  strength  or  fleetness  from  breeding. 
By  this  process,  which  is  the  exclusive  breeding  of  the  desired  kinds, 
we  should  obtain  one  breed  with  fair  powers  of  strength  and  fleetness; 
but  the  highest  results  in  either  respect  would  not  be  gained.  Such 
experiments  show  that  the  exclusive  breeding  of  other  than  average  forms 
causes  monotypic  evolution^  and  that  to  secure  divergent  or  polytypic  evolu- 
tion some  other  principle  must  be  introduced. 

In  the  case  of  natural  selection,  the  separation  it  introduces  is  between 
the  living  and  the  dead,  between  the  successful  and  the  unsuccessful. 
In  other  words,  natural  selection  is  the  exclusion  of  all  the  forms  that 
through  lack  of  adaptation  to  the  environment  fail  of  leaving  progeny, 
and  therefore  in  the  exclusive  generation  of  the  forms  that  through 
better  adaptation  to  the  environment  are  better  able  to  propagate. 
Variation  toith  the  natural  selection  of  other  than  average  forms  may  there- 
fore a>ccount  for  the  transformation  of  an  ancient  species  into  a  series  of 
successive  species j  the  last  of  which  may  now  exist  in  full  force;  but  with- 
out the  aid  of  segeneration  it  will  by  no  means  a^^count  for  the  divergent 
evolution  of  any  one  of  these  species  into  a  family  of  coexisting  species. 

As  I  have  just  shown,  natural  selection  is  the  exclusive  generation 
of  those  better  fitted  to  the  environment;  and  it  tends  to  the  modifica- 
tion of  species  simply  through  the  generation  of  the  better  fitted  forms, 
while  they  are  prevents  from  crossing  with  the  less  fitted,  which  fail 
of  propagating  through  their  lack  of  fitness.  Now,  from  the  very  nature 
of  this  process,  which  results  from  the  success  and  failure  of  individuals 
in  appropriating  the  resources  of  the  environment,  it  follows  that  it 
can  not  be  the  cause  of  separation  between  the  successful  (competitors, 
and  therefore  any  divergence  of  character  that  arises  between  the  differ- 
ent groups  of  the  successful  can  not  be  attributed  to  natural  selection. 
Natural  selection  explains  the  prevention  of  crossing  between  the  fitted 
and  the  unfitted,  and  shows  how  the  successive  generations  of  a  species 
may  gradually  depart  from  the  original  type,  becoming  in  time  a  differ- 
ent species;  but  it  can  not  explain  the  divergences  that  arise  between  those 
that  have,  by  the  fa>ct  of  successful  propagation^  proved  their  Jitneys.  It 
depends  on  superiority  of  adaptation  to  the  environment,  and  tends  to 
produce  increasing  adaptation ;  hut  divergent  kinds  of  adaptation  are  not 
necessary  conditions  for  it,  and  it  can  not  be  the  cause  of  increamng 
divergence  between  the  incipient  kinds  that  otherwise  arise. 
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DIVERGENT  EVOLUTION   NOT  EXPLAINED    BY  "THE  ADVANTAGE   OF 
DIVERGENCE  OF  CHARACTER." 

Two  sections  of  the  fourth  chapter  of  the  "Origin  of  species"  are 
given  to  the  discussion  of  the  "  principle  of  benefit  being  derived  from 
divergence  of  character,"  which  it  is  inaintainexi  "  will  generally  lead 
to  the  most  different  or  divergent  variations  being  preserved  and  accu- 
mulated by  natural  selection."  Now,  it  can  not  be  donbted  that  ability 
to  appropriate  unused  resources  would  be  an  advantage  to  any  members 
of  a  community  pressed  for  food;  but  I  do  not  see  how  the  divergence 
that  would  enable  them  to  appropriate,  for  example,  a  new  kind  of  food 
can  be  accumulated  while  free  crossing  continues;  and  natural  selection 
can  not  prevent  the  free  crossing  of  competitors  who  leave  progeny. 

Having  found  that  the  evolution  of  the  fitted  is  secured  through  the 
prevention  of  crossing  between  the  better  fitted  and  the  less  fitted,  can 
we  believe  that  the  evolution  of  a  special  race,  regularly  transmitting 
a  special  kind  of  fitness,  can  be  realized  without  any  prevention  of  cross- 
ing with  other  races  that  have  no  power  to  transmit  that  special  kind  of 
fitness!  Can  we  supi>ose  that  any  advantage,  derived  from  new  pow- 
ers that  prevent  severe  competition  with  kindred,  can  be  permanently 
transmitted  through  succeeding  generations  to  one  small  section  of  the 
species  while  there  is  free  crossing  equally  distributed  between  all  the 
families  of  the  species?  Is  it  not  apparent  that  the  terms  of  this  sup- 
position are  inconsistent  with  the  fundamental  laws  of  heredity  !  Does 
not  inheritance  follow  the  lines  of  consanguinity,  and  when  consan- 
guinity is  widely  diffused,  can  inheritance  be  closely  limited!  When 
there  is  free  crossing  between  the  families  of  one  species,  will  not  any 
peculiarity  that  appears  in  one  family  either  be  neutralized  by  crosses 
with  families  possessing  the  opposite  quality,  or  being  preserved  by 
natural  selection,  while  the  opposite  quality  is  gradually  excluded,  will 
not  the  new  quality  gradually  extend  to  all  the  branches  of  the  species, 
so  that,  in  this  way  or  in  that,  increasing  divergence  of  form  will  be 
prevented! 

If  the  advantage  of  fre^om  from  competition  in  any  given  variation 
depends  on  the  possession,  in  some  degree,  of  new  adaptations  to  unap- 
propriated resources,  there  must  be  some  cause  that  favors  the  breed- 
ing together  of  those  thus  specially  endowed,  and  iutjarferes  in  some 
degree  with  their  crossing  with  other  variations,  or,  failing  of  this,  the 
special  advantage  will  in  succeeding  generations  be  lost.  As  some 
degree  of  independent  generation  is  necessary  for  the  continuance  of 
the  advantage,  it  is  evident  that  the  same  condition  is  necessary  for 
the  accumulation  through  natural  selection  of  the  powers  on  which  the 
advantage  depends.  The  advantage  of  divergence  of  character  can  not 
be  retained  by  those  tltatfail  to  retain  the  divergent  character ;  and  diver- 
gent character  can  not  be  retained  by  tliose  that  are  constantly  crossing 
tvith  other  I'inds  ;  and  the  prevention  of  free  crossing  between  those  thai 
are  equally  successful  is  in  no  way  secured  by  natural  selection. 


Digitized  by  VjOOQ IC 


DIVERGENT  EVOLUTION  TfiKOUGH   SEGREGATION.  283 

NATURAL  SELECTION  WITH  GREAT  DIFPERBNOE  IN  EXTERNAL   CON- 
DITIONS NOT  SUFFICIENT  TO  EXPLAIN  DIVERGENT  EVOLUTION. 

The  insnfficiency  of  natural  selection  without  se-generation  to  account 
for  divergent  evolution  in  an  area  where  the  external  conditions  are 
nearly  uniform  may  be  admitted  by  some  who  will  claim  that  the  case 
is  quite  otherwise  when  a  species  ranges  freely  over  an  area  in  which 
it  is  subjected  to  strongly  coutrastcnl  conditions.  It  may  be  claimed 
that  diversity  of  natural  selection  resulting  from  a  great  difference  in 
external  nature  is  sufficient  to  account  for  divergent  evolution  without, 
any  se-generation. 

In  the  discussion  of  this  subject  important  light  can  be  gained  by 
referring  to  the  experience  of  the  breeder.  This  experience,  in  as  far 
as  it  relates  to  the  subject  of  separation  in  the  production  of  divergent 
breeds,  may  be  arranged  under  three  heads:  First,  diversity  of  selec- 
tion without  separation;  second,  separation  without  diversity  of  selec- 
tion ;  third,  separation  more  or  less  complete  with  diversity  of  selection. 

As  the  full  discussion  of  these  points  is  impossible  here,  and  as  there 
is  probably  but  little  difference  of  opinion  in  regard  to  what  the  results 
would  be,  I  shall  content  myself  with  a  simple  statement  of  what  I 
believe  the  experience  of  bre^iders  shows.  Difference  in  the  standards 
of  selection  without  separation  vslh  avail  nothing  in  creating  diver- 
genceof  types;  while  separation  without  difference  in  the  standards  of 
selection  will  avail  something,  though  food  and  external  conditions  are 
kept  the  same;  but  to  secure  the  greatest  divergence  in  a  given  time, 
there  must  be  both  diversity  of  selection  and  complete  separation.  In 
the  case  of  separation  without  diversity  of  selection,  there  is  room  for 
difference  of  opinion;  for  the  examples  that  some  would  claim  as  prov- 
ing that  there  is  often  divergence  without  diversity  of  selection  and 
without  difference  in  external  conditions  may  be  attributed  by  others 
to  unconscious  selection.  It  is  granted  by  everyone  that  no  skill  in 
selecting  the  animals  that  possess  the  desired  qualities  will  have  any 
effect  in  establishing  a  new  breed  unless  the  selected  animals  are  pre- 
vented from  breeding  with  others  that  are  deficient  in  the  desired  qual- 
ities. We  further  find  that  white  separation  is  an  absolutely  essential 
condition  for  this  divergence,  diversity  of  selection  is  not  so  essential. 
This  is  illustrated  in  the  case  of  the  slightly  different  tyi)es  that  are 
presented  by  the  wild  cattle  found  in  the  different  parks  of  PIngland,* 
a  phenomenon  which  can  hardly  be  attributed  to  any  diversity  in  the 
environment. 

In  artificial  breeding  universal  experience  teaches  that  variation  and 
selection,  without  separation,  do  not  produce  divergence  of  races.  The 
sei)arate  breeding  of  different  classes  of  variation  is  a  necessary  condi- 
tion for  the  accumulation  of  divergent  variation;  and  wherever  the 
separate  breeding  of  different  classes  of  variation  is  secured  there  diver- 


*  See  Darwin's  **  Variation  under  Domestication/'  chapter  xv,  second  page. 
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genoe  of  character  is  the  result.  In  other  words,  segregate  breeding  is 
necessary  to  divergent  evolution  in  gamo-genetic  animals.*  Moreover, 
we  have  every  reason  to  believe  that  the  same  law  holds  good  through- 
out the  whole  organic  world.  The  generating  together  of  similars, 
with  the  exclusion  or  separation  of  dissimilars,  is  the  central  necessity 
in  all  evolution  by  descent,  whether  monotypic  or  polytypic  and  whatever 
causes  the  separate  generation  of  different  classes  of  variation  will  he  the 
cause  of  divergent  evolution.  That  is,  wherever  this  condition  is  added 
to  the  permanent  laws  of  organic  life,  there  divergence  will  follow. 
•As  we  have  already  seen,  natural  selection  or  the  survival  of  the  fittest 
necessarily  separates  between  the  survivors  and  the  nonsurvivors, 
between  the  best  fitted  and  the  least  fitted,  and  is,  therefore,  the 
cause  of  monotypic  transformation;  but  it  can  not  be  the  cause  of 
separation  between  the  difterent  families  of  those  that  survive,  and, 
therefore,  can  not  be  the  cause  of  divergence  of  character  between 
these  families.  But  we  find  that  divergence  of  character  often  arises 
between  the  branches  of  one  stock,  and  in  many  cases  this  divergence 
increases  till  well-marked  varieties  are  established.  If  therefore  the 
general  principle  we  have  just  stated  is  true,  there  must  be  certain 
causes  producing  the  independent  generation  of  these  forms;  and,  if 
we  can  discover  these  causes  and  trace  them  to  general  principles, 
they  will,  in  connection  with  the  laws  of  variation  and  selection, 
explain  divergent  evolution,  that  is,  the  transformation  of  one  form  into 
many  forms,  of  one  species  into  many  species.  As  community  of  evo- 
lution arises  where  there  is  community  of  breeding  between  those  that, 
through  superior  fitness,  have  opportunity  to  propagate,  so  I  believe  it 
will  be  found  that  divergent  evolution  arises  where  there  is  separate 
breeding  of  the  different  classes  of  the  successful.  In  other  words, 
exclusive  breeding  of  other  than  average  forms  causes  monotypic  evo- 
lution, and  segregate  breeding  causes  divergent  or  polyt>T)ic  evolution. 
The  facts  of  geographical  distribution  seem  to  me  to  justify  the  fol- 
lowing statements: 

(1)  A  8i>ecies  exposed  to  different  conditions  in  the  different  parts  of 
the  area  over  which  it  is  distributed  is  not  represented  by  divergent 
forms  when  free  inter-breeding  exists  between  the  inhabitants  of  the 
different  districts.  In  other  words,  diversity  of  natural  selection  with- 
out separation  does  not  produce  divergent  evolution. 

(2)  We  find  many  cases  in  which  areas,  corresponding  in  the  char- 
acter of  the  environment,  but  separated  from  each  other  by  important 
barriers,  are  the  homes  of  divergent  forms  of  the  same  or  allied  species. 

(3)  In  cases  where  the  separation  has  been  long  continued,  and  the 
external  conditions  are  the  most  diverse  in  points  that  involve  di ver- 
min a  Babsequent  paper  I  shall  sbow  how  it  is  that  separate  breeding,  long  con- 
tinued, inevitably  ends  in  segregate  breeding.  In  this  chapter  I  confine  my  atten- 
tion more  especially  to  separate  breeding  when  combined  with  diversity  of  selection 
in  the  different  sections,  for  it  is  evident  that  this  will  proQuce  segregate  breeding. 
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sity  of  adaptation,  there  we  find  the  most  decided  divergences  in  the 
organic  forms.  That  is,  where  separation  and  divergent  selection  have 
long  acted,  the  results  are  found  to  be  the  greatest.  The  first  and 
third  of  these  propositions  will  probably  be  disputed  by  few,  if  by  any. 
The  proof  of  the  second  is  found  wherever  a  set  of  closely  allied  organ- 
isms is  so  distributed  over  a  territory  that  each  species  and  variety 
occupies  its  own  narrow  district,  within  which  it  is  shut  by  barriers 
that  restrain  its  distribution,  while  each  species  of  the  environing  types 
is  distributed  over  the  whole  territory.  The  distribution  of  terrestrial 
mollusks  on  the  Sandwich  Islands  presents  a  great  body  of  facts  of 
this  kind. 

SELECTION   OF  EVERY  KIND  INSUFFICIENT  TO  ACCOUNT  FOR  DIVER- 
GENT EVOLUTION. 

Though  I  have  no  reason  to  doubt  the  importance  of  sexual  selection 
in  promoting  the  transformation  of  many  species,  I  think  I  can  show 
that  unless  combined  with  some  separative  or  segregative  influence 
that  prevents  free  intercrossing,  it  can  avail  nothing  in  producing  a 
diversity  of  races  from  one  stock.  In  the  nature  of  its  action  sexual 
selection  is  simply  exclusive.  It  is  the  exclusive  breeding  of  those 
better  fitted  to  the  sexual  instincts  of  the  species,  resulting  from  the 
failure  to  breed  of  the  less  fitted.  It  therefore  indicates  a  method  of 
separation  between  the  better  fitted  and  the  less  fitted;  but  it  gives 
no  explanation  of  separation  between  those  that  are  equally  successfiil 
in  propagating. 

I  maintain  that  in  a  great  number  of  animal  species  there  are  sexual 
and  social  instincts  that  prevent  the  free  crossing  of  clearly  marked 
races;  but  as  these  segregative  instincts  are  rarely  the  cause  of  failure 
to  propagate,  and  since  when  they  are  the  cause  of  failure  the  failure  is 
as  likely  to  fall  on  one  kind  as  on  another,  I  conclude  that  the  segre- 
gate breeding  resulting  from  these  instincts  can  not  be  classed  as  either 
sexual  or  social  selection.  Reflexive  selection  in  all  its  forms  is,  like 
natural  selection,  the  result  of  success  and  failure  in  vital  processes 
through  which  the  successful  propagate  without  crossing  with  the 
unsuccessful;  but  it  in  no  way  secures  the  breeding  in  separate  groups 
of  those  that  are  successful  in  propagating.  The  exclusion  of  certain 
competitors  from  breeding  is  a  very  different  process  from  the  separa- 
tion of  the  successful  competitors  into  different  groups  that  are  pre- 
vented from  inter-crossing,  and  whose  competition  even  is  often  limited 
to  the  members  of  the  same  group.  Sexual  selection,  like  other  forms 
of  reflexive  selection,  can  extend  only  as  far  as  members  of  the  same 
species  act  on  each  other.  If  the  individuals  of  the  two  groups  have 
through  difference  in  their  tastes  ceased  to  compete  with  each  other 
in  seeking  mates,  they  are  already  subject  to  different  and  divergent 
forms  of  sexual  selection;  and  is  there  any  reason  to  attribute  this 
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difference  iu  their  tastes  to  the  fact  tliat,  when  there  was  but  one  group 
and  the  tastes  of  all  were  conformed  to  a  single  standard,  some  of  the 
competitors  failed  of  propagating,  through  being  crowded  aside  by 
those  more  successfiil!  If  the  failure  of  the  unsuccessful  can  not  be  the 
cause  of  separation  between  the  different  kinds  of  the  su<!eessfuly  then  selec- 
tionj  whether  natural  or  reflexive^  or  of  any  other  kindj  cannot  be  the  cause 
of  divergent  evolutiouj  except  as  co-operating  with  some  cause  of  independ- 
ent generation. 

The  failure  of  sexual  selection,  without  separation  or  segregation,  to 
account  for  divergent  evolution,  will  perhaps  be  made  clearer  to  some 
minds  by  considering  some  of  the  particular  conditions  under  which  it 
occurs.  Suppose  for  instance  that  in  some  species  of  humming  bird 
there  occurs  a  slight  variation  in  the  form  or  color  of  the  tail  feathers 
of  the  male  that  adds  to  the  beauty  of  the  individuals  possessing  the 
new  character  and  rendering  them  more  attractive  to  the  females.  We 
can  see  that  they  might  have  an  advantage  over  their  rivals  in  leaving 
progeny,  and  that  the  variety  might  in  that  way  gradually  gain  the 
a&cendency,  and  the  beauty  of  the  markings  become  more  and  more 
completely  defined;  but  under  such  conditions  what  could  prevent  tlie 
whole  species  from  being  gradually  transformed?  Unless  there  was 
some  separative  or  segregative  principle  that  prevented  the  new  variety 
from  crossing  with  the  others,  the  species  would  remain  but  one,  though 
changed  in  some  of  its  characters.  We  should  have  transformation 
without  divergence. 

The  same  must  be  true  of  institutional  selection.  It  may  be  the 
cause  of  transformation ;  but  it  can  not  be  the  cause  of  divergent  evolu- 
tion, unless  there  are  added  to  it  other  causes  that  produce  divergence 
in  the  character  of  the  forms  selected,  and  the  separate  breeding  of  the 
different  groups  of  forms  thus  selected.  A  single  illustration  will  set 
in  a  clear  light  the  limitation  in  the  influence  of  institutional  as  well 
as  all  other  selection.  In  primitive  communities  the  deaf  are  but  little 
cared  for,  and  owing  to  the  great  disadvantage  of  their  position  their 
opportunities  for  gaining  subsistence,  and  therefore  for  rearing  fami- 
lies, are  greatly  diminished;  this  is  natural  selection.  Again,  those 
who  are  at  so  great  a  disadvantage  in  communicating  with  their  com- 
panions will  be  also  at  a  disadvantage  in  finding  consorts;  this  we  may 
call  social  selection.  Again,  a  community  might  either  by  law  or  by 
strict  custom  prevent  the  marriage  of  the  deaf;  this  would  be  institu- 
tional selection.  Any  one  of  these  forms  of  selection  might  be  pressed 
so  f^ir  as  to  be  the  means  of  increasing  the  average  power  of  hearing  in 
the  <*x>mmunity  in  succeeding  generations;  but  it  could  never  be  the 
cause  of  two  divergent  rac>es,  one  with  good  powers  of  hearing  and  the 
other  with  an  increasing  liability  to  deafness.  To  sexjure  such  diver- 
gence it  is  necessary  that  segregative  influences  should  be  introduced, 
such  as  have  been  most  amply  furnished  by  the  modern  system  of  edu- 
cation for  the  deaf.    Under  these  influences  those  endowed  with  hear- 
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ing  and  those  without  hearing  have  been  separated  into  two  commani- 
ties,  the  members  of  each  having  but  little  opportunity  for  acquaintance 
beyond  the  limits  of  that  community,  each  community  having  separate 
schools,  separate  newspapers,  and  to  some  extent  a  separate  language. 
As  the  result  of  this  segregation  marriages  between  the  two  classes 
have  been  greatly  diminished;  and  little  by  little  two  races  are  arising, 
the  hearing  race  and  the  deaf  race.* 

REASONS  OF  A  GENERAL  CHARACTER  FOR  CONSIDERINC  SELECTION 
WITHOUT  INDEPENDENT  GENERATION  AN  UNSATISFACTORY  EX- 
PLANATION  OF  DIVERGENT  EVOLUTION. 

1.  The  divergence  is  often  confined  to  characters  which  seem  to  have 
no  possible  relations  of  adaptation  either  to  the  environment  or  to 
other  members  of  the  species,  and,  therefore,  to  be  independent  of  both 
natural  and  reflexive  selection.  , 

2.  Divergence  relating  to  adaptive  characters  successfnlly  propa- 
gated involves  different  kinds  rather  than  different  degrees  of  adapta- 
tion and  advantage;  and,  as  adaptational  selection  depends  on  the 
difference  of  degrees  of  advantage,  it  can  not  account  for  the  diver- 
gence of  forms  i>o8se8sing  equal  degrees  of  advantage. 

3.  In  the  very  nature  of  its  action  we  see  that  adaptational  selection 
unaccompanied  by  independent  generation  must  produce  essentially 
monotypic  transformation. 

4.  In  artificial  breeding,  independent  generation  is  found  to  be  an 
essential  condition  for  the  production  of  divergent  races;  and  there  is 
no  reason  to  doubt  that  the  same  law  holds  good  in  the  divergence  of 
natural  forms. 

5.  The  general  fact  that  species  possessing  high  powers  and  large 
opportunities  for  migration  occupy  large  areas,  while  those  possessing 
low  po^^^ers  and  small  opportunities  for  migration  divide  the  same  area, 
or  an  area  no  larger,  between  many  representative  species,  shows  that 
independent  generation  is  an  important  element  in  their  divergence. 

Chapter  II. 

CUMULATIVE    DIVERGENCE    THROUGH     CUMULATIVE     SEGREGATION 

Local  separation  in  dissimilar  environments  is  the  only  cause  of 
segregation  that  has  been  clearly  pointed  out  by  Darwin.  I  shall 
however  endeavor  to  show  that  there  are  other  causes  producing 
segregation,  and  that,  without  any  change  of  environment  or  change 
in  the  environment,  they  may  produce  all  the  phenomena  of  divergent 

*  See  paper  by  Alexander  Graham  BeU,  read  before  tbe  National  Academy  of 
Sciences,  November  13, 1883,  upon  tbe  '*  Formation  of  a  Deaf  Variety  of  tbe  Human 
Race;"  also  a  review  of  the  same  in  The  Popular  JScience  Monthly ,  vol.  xxvii,  p.  15, 
entitled  ''  Can  Man  be  Modified  by  Selection  f 
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evolution.  Any  cause  that,  out  of  two  or  more  kinds  of  successful 
variations,  brings  together  one  kind  in  such  a  way  as  to  facilitate 
their  breeding  together,  or  to  hinder  their  breeding  with  those  of  other 
kinds,  is,  according  to  my  definition,  a  cause  of  segregate  breeding; 
and  the  experience  of  breeders  shows  that  wherever  such  causes  operate 
divergent  evolution  is  the  result,  and  that  the  divergence  accumulates 
when  the  process  is  continued  through  many  generations.  From  their 
experiments  we  learn  that  any  form  of  segregate  breeding  persistently 
continued  will  result  in  divergent  evolution.  As  any  form  of  natural 
selection  in  which  other  than  typical  forms  have  the  advantage  will 
result  in  monotypic  evolution,  so  any  form  of  segregate  generation  will 
produce  polytypic  evolution.  I  call  this  the  law  of  cumulative  diver- 
gence through  cumulative  segregation.  It  is  a  generalization  established 
by  the  widest  experience  of  mankind  in  the  cultivation  of  plants  and 
the  breeding  of  animals;  and  any  assumption  that  is  not  in  accord 
with  it  may  be  wisely  callAi  in  question. 

I  theiefore  judge  that  the  advantage  or  disadvantage  of  their  diver- 
gence, to  individuals  diverging  from  the  typical  form  of  a  species,  can 
not  be  the  factor  that  determines  whether  the  divergence  shall  be  accu- 
mulated. 

A  divergent  member  of  any  inter-generating  group  can  not  long  per- 
petuate its  kind,  if  the  divergence  is  any  disadvantage;  for  the  superior 
propagation  of  the  more  successful  kinds  will  soon  overi)ower  the 
influence  of  the  less  successful ;  and  the  result  will  be  monotypic  evo- 
lution. The  case  is,  however,  very  different  with  variations  that  are 
wholly  or  partially  separated  from  each  other  and  from  the  type  by 
their  divergent  adaptation  to  different  kinds  of  resources,  or  by  any 
other  cause.  The  perpetuation  of  such  variations  depends  not  upon 
any  advantage  they  possess  above  the  type  from  which  they  diverge, 
but  upon  ability  to  appropriate  from  the  environment  sufficient  simply 
to  maintain  existence,  and  the  result  is  i)olytypic  evolution.  In  other 
words,  of  the  freely  crossing  forms  of  any  species  it  is  only  those  that 
are  most  successful  that  are  peri>etuated;  while  of  forms  that  are  neither 
competitig  nor  crossing^  every  kind  is  perpetuated  that  is  not  fatally  deficient 
in  its  adaptations.  It  follows  that  a  form  that  under  present  conditions 
maintains  only  a  precarious  existence,  may,  if  kept  from  crossing,  main- 
tain its  characteristics  unimpaired  for  many  generations,  and  at  last, 
through  changes  in  the  environment,  enter  upon  a  period  of  great  pros- 
l)erity.  Such  would  be  the  case  with  a  form  depending  upon  resources 
at  first  scarce,  and  afterwards  very  abundant. 

Again,  the  individuals  of  a  sx>ecies  that  are  brought  together  in  their 
attempts  to  appropriate  some  new  kind  of  resource,  and  are  thus  led  to 
breed  with  each  other,  and  not  with  the  rest  of  the  species,  become  a 
new  inter-generating  group  in  which  a  new  and  divergent  form  of  nat- 
ural selection  is  established,  depending  on  divergent  adaptations  in 
the  organism,  without  any  change  in  the  environment.    The  gradual 
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process  of  gaining  full  adaptation  to  the  new  resources  may  extend 
over  many  generations,  and»during  this  long  period  the  divergent  form 
may  be  at  a  great  disadvantage  as  compared  with  the  typical  form; 
but  after  this  long  process  of  divergence  is  completed,  and  full  com- 
mand of  the  new  resource  is  gained,  the  new  race  may  enter  upon  a 
period  of  great  prosperity.  In  such  a  case,  the  period  of  most  rapidly 
accumulating  divergence  is  a  period  when  the  incipient  race  is  suffering 
the  heaviest  disadvantage.  The  transformation  from  a  wild  to  a  domes- 
tic state  affords  a  complete  parallel  to  this  process.  In  the  initial  and 
earlier  stages,  the  divergent  branch  that  is  being  domesticated  is  in 
constant  danger  of  extermination ;  and  it  is  only  when  a  good  degree 
of  adaptation  to  the  new  conditions  has  been  gained  that  it  can  be  said 
to  be  as  prosperous  as  the  wild  stock  from  which  it  was  derived.  Dar- 
win has  not  explained  how  disadvantageous  sexual  instincts  can  be 
formed ;  but,  assuming  that  there  are  such  instincts,  he  has  shown  that 
they  would  modify  the  si)ecies  in  a  way  that  is  disadvantageous.  He 
believes  the  progenitors  of  man  were  deprived  of  their  hairy  coat  by 
sexual  selection  that  was,  in  its  earlier  stages,  disadvantageous. 

It  is  therefore  evident  that  the  simple  fact  of  divergence  in  any  case 
is  not  a  suflBcient  ground  for  assuming  that  the  divergent  form  has  an 
advantage  over  the  type  from  which  it  diverges.  We  may  however 
be  sure  that  there  is  some  cause  or  combination  of  causes  that  facili- 
tates the  intergenerating  of  those  similarly  endowed,  and  hinders  their 
crossing  with  other  kinds;  and  if  we  can  discover  the  cause  of  this 
segregate  generation  we  shall  have  an  explanation  of  one  part  of  the 
process  by  which  the  forms  thus  endowed  are  becoming  a  distinct  race. 

SEPARATION  AJJD  SEGREGATION  WITH  THE  PRINCIPLE  OF  INTENSION. 

It  will  contribute  to  clearness  in  our  discussion  if  we  can  gain  definite 
conceptions  of  the  conditions  that  are  necessarily  involved  in  separate 
and  segregate  breeding. 

Separate  generation,  which  for  convenience  I  call  separation,  implies: 

First.  The  indiscriminate  separation  of  the  members  of  a  species  into 
different  sections  that  are  prevented  from  freely  crossing  with  each 
other. 

Second.  The  aggregation  of  the  members  of  one  section;  that  is, 
their  being  brought  into  conditions  of  time  and  i)lace  that  jillow  of 
their  freely  crossing. 

Third.  The  integration  of  the  members  of  each  section  into  one  inter- 
generating group,  through  the  operation  of  functional  adaptations  by 
which  the  members  of  each  section  freely  cross  Avith  each  other.  This 
analysis  of  the  process  shows  that  it  may  depend  upon  a  great  variety 
of  causes,  working  together  in  a  very  complex  way.  We  shall  here- 
after find  that  the  causes  of  separation  may  operate  in  such  a  way 
that  no  aggregation  or  propagation  takes  place  among  the  mcinibers 
that  are  separated  from  the  old  stock;  but  in  such  cases  there  is  no 
H.  Mis.  334,  pt.  1 19 
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sei)arate  geueration,  and  therefore  no  separatiou  in  the  sense  in  which 
1  use  the  word.  * 

Segregate  generation  also  consists  of  separation,  aggregation,  and  inte- 
gration; but  it  differs  from  separate  generation  in  that  in  the  latter  the 
separation  is  indiscriminate,  while  in  the  tormer  there  is  a  more  or  less 
pronounced  bringing  together  of  those  that  are  similarly  endowed,  with 
separation  of  those  that  are  dissimilar.  Segregate  generation  is  there- 
fore the  separation  of  dissimilars,  with  the  aggregation  and  integration 
of  similars.  As  we  have  already  seen,  segregate  breeding  may  be  pro- 
duced by  separate  breeding,  accompanied  by  diversity  of  natural  selec- 
tion in  the  ditt'erent  sections.  It  is  almost  evident  that  any  other  cause 
that  develops  in  one  or  more  of  the  separate  sections  of  the  species 
characters  that  are  not  found  in  the  other  sections  will  produce  segre- 
gate breeding.  Such  cases  are  diversity  of  selection  of  other  forms 
than  natural  selection,  diversity  in  the  inherited  effects  of  use  and  dis- 
use (unless  physiologists  have  been  mistaken  iu  supposing  that  there 
are  any  such  effects),  and  diversity  in  the  inherited  characters  derived 
from  the  direct  effects  of  the  enviromnent  (unless,  again,  Weismann  is 
right  and  the  general  belief  wrong).  Segregate  breeding  may  more- 
over be  produced  directly  by  the  very  way  in  which  the  separation  of 
the  different  sections  is  secured.  One  of  the  best  examples  of  this  kind 
of  segregation  is  seen  iu  what  I  call  industrial  segregation,  where  the 
members  of  a  species  are  distribute<l  according  to  their  endowments, 
those  of  similar  endowments  being  brought  together.  In  such  cases, 
segregation  is  introduced  as  soon  as  the  separation,  without  depend- 
ing on  the  subsequent  a(?tion  of  the  environment,  or  on  diverse  forms 
of  use,  or  of  selection;  though  there  can  be  no  doubt  that,  in  the  great 
majority  of  cases,  diversity  of  use  and  diversity  of  selection  of  some 
kind  will  in  time  come  in  to  intensify  the  result. 

There  is  another  invariable  sequence  which  it  is  necessary  we  should 
keep  in  mind  if  we  would  understand  the  relation  in  which  these  two 
principles  stand  to  each  other.  I  refer  to  the  certainty  that  all  pro- 
longed separate  breeding  will  be  transformed  into  segregate  breeding. 
In  other  words,  indiscriminate  separation,  iu  which  there  is  no  appar- 
ent difference  in  the  different  groups,  is  in  time  found  to  be  a  separa- 
tion in  which  there  is  a  decided  difference  in  the  different  groups. 
Whenever  a  sufficient  number  of  the  same  species  to  insure  propaga- 
tion are  brought  together  in  an  isolated  position,  separate  generation  is 
the  result;  and,  if  this  separate  generation  is  long-continued,  we  have 
reason  to  believe  it  always  passes  into  segregate  generation  with  diver- 
gent evolution.  Tlie  fundamental  cause  for  this  seems  to  lie  in  the  fact 
that  no  two  portions  of  a  species  possess  exactly  the  same  average 
character,  and  that  the  initial  diflerences  are  for  ever  reacting  on  the 
environment  and  on  each  other  in  such  a  way  as  to  insure  increasing 
divergence  in  each  successive  generation  as  long  as  the  indi\iduals  of 
the  two  groups  are  kept  from  intergenerating.    In  my  paper  on  Diver- 
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sity  of  Evolution  under  one  Set  of  External  Conditionn^  I  spoke  of  this 
principle  of  divergence  as  **  separation  with  variation;  "  but  in  order 
to  distinguish  the  antecedent  conditiou,  which  is  separation,  from  the 
result,  which  is  something  more  than  variation,  I  now  call  the  certainty 
that  some  form  of  divergent  transformation  will  arise  when  inter-genera- 
tion is  prevented  the  principle  of  intension ;  and  segregation  produced 
by  independent  transformation  I  call  intensive  segregation. 

As  separate  and  segregate  generation  are  so  closely  related,  I  have, 
in  order  to  avoid  a  multiplication  of  terms,  classified  the  two  principles 
together  under  the  general  term  segregation.  In  my  discussion  of  the 
causes  of  segregation  I  shall  however  endeavor  to  determine  concern- 
ing each  class  of  causes  whether  they  are  primarily  separative  or  seg- 
regative. 

A  full  discussion  of  the  causes  of  segregation  would  reipiire  that  under 
each  combination  of  causes  to  which  we  give  a  distinctive  name  we 
should  show : 

(1)  How  the  independent  generation  is  produced. 

(2)  How  the  difference  of  character  in  the  different  sections  is  pro- 
duced. 

(3)  How  the  aggregation  in  place  bringing  together  the  members  of 
each  section  is  produced. 

(4)  How  the  correspondence  in  times  and  seasons  necessary  for  inter- 
generation  is  secured  within  each  section. 

(5)  How  the  correspondence  of  community  and  of  sexual  and  social 
instincts  necessary  for  intergeneration  is  secured  within  each  section. 

(6)  How  the  correspondence  in  structure,  in  dimensions,  and  in  the 
mutual  potentiality  of  the  sexual  elements  necessary  for  intergenera- 
tion is  secured  within  each  section. 

It  will  however  be  observed,  that  with  the  excei)tion  of  the  two 
first,  these  questions  relate  to  the  necessaiy  conditions  that  must  always 
exist  in  the  case  of  every  inter-generating  group;  and  as  it  is  evident 
that  inter-generation  in  some  degree  must  be  the  normal  condition  in 
every  sexual,  that  is,  in  every  gamo-genetic  species,  we  may  here  assume 
that  all  the  conditions  necessary  to  inter-generation  exist,  except  so  far 
as  they  have  been  disturbed  by  causes  producing  segeneration.  In 
tracing  the  causes  of  segregation  it  will  therefore  be  suflBcient  if  in 
each  class  of  cases  we  give  the  cause  of  se- generation,  showing  why  the 
same  cause  does  not  prevent  all  inter-generation,  and  explain  the  differ- 
ence of  character  in  the  different  sections  produced  by  the  se-genera- 
tion.  In  full  accord  with  the  implications  of  the  theory  of  evolution, 
we  proceed  on  the  assumption  that  inter-generation  was  the  original 
condition  of  every  species,  and  that  the  intergeneration  of  those  that 
are  brought  together  under  favorable  circumstances  may  be  taken  for 
granted,  unless  there  is  some  special  cause  that  prevents.  All  that  is 
necessary  to  produce  separation  is  the  failure  of  any  one  of  the  many 
conditions  on  which  ftee  crossing  depends,  in  such  a  way  and  to  such 
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a  degree  that  the  species  i'alls  into  two  or  more  sections,  between  which 
crossing  is  interrupte<l,  without  its  being  interrupted  within  the  bounds 
of  each  section.  And  all  that  is  necessary  to  produce  segregation  is 
that  to  separation  should  be  added  some  cause  that  secures  difference 
of  character  in  the  different  sections.  And  as  separation  long  contin- 
ued inevitably  ends  in  segregation  through  the  development  of  differ- 
ence of  character  in  the  different  sections,  we  need  not  in  our  classifi- 
cation set  them  wholly  apart,  though  for  the  sake  of  clearly  recogniz- 
ing the  difference  it  will  be  well  to  note  in  each  class  of  causes  whether 
the  primary  effect  is  separation  or  segregation. 

CUMULATIVE   SEGREGATION    AND    THE    CLASSIFICATION    OF    ITS    DIF- 
FERENT FORMS. 

The  fundamental  law  to  which  I  would  call  attention  may  be  expressed 
in  the  following  formula :  Cumulative  segregation  produces  accumulated 
divergence  and  accumulated  divergence  produces  permanent  segrega- 
tion, and  the  segregate  subdivision  of  those  permanently  segregated 
produces  the  divisions  and  subdivisions  of  organic  phyla.  If  then  we 
can  discover  the  causes  of  segregation,  we  shall  understand  the  causes 
of  a  wide  range  of  phenomena,  for  this  is  the  fundamental  principle  in 
the  formation  of  varieties,  species,  genera,  families,  orders,  and  all 
greater  divergences  that  have  been  produced  in  the  descendants  of 
common  ancestry. 

In  treating  of  the  causes  of  segregation  I  have  found  it  convenient 
to  make  two  distinct  classifications.  In  the  one  the  fundamental  dis- 
tinction is  between  segregation  produced  by  the  purpose  of  man,  which 
I  call  rational  segregation  in  its  two  forms,  artificial  segregation,  insti- 
tutional segregation,  and  that  produced  by  nature  outside  of  man, 
which  I  call  responsive  segregation;  while  any  of  these  forms  of  segre- 
gation may  be  intensified  by  independent  transformation  through  the 
principles  of  diversity  of  selection,  diversity  of  use,  or  diversity  of 
direct  effects  of  the  environment;  and  the  combined  action  of  segrega- 
tion with  these  and  other  principles  of  transformation  I  call  intensive 
segregation. 

In  the  other  classification  the  fundamental  distinction  is  between 
segregation  arising  from  the  relations  in  which  the  organism  stands  to 
the  environment,  which  I  call  environal  segregation,  and  segregation 
arising  from  the  relations  in  which  the  members  of  the  same  species 
stand  to  each  other,  which  I  call  reflexive  segregation;  while  any  form 
of  segregation  belonging  to  either  of  these  classes  may  be  enhanced  by 
one  or  more  of  the  forms  of  intension,  and  thus  i>reFent  what  I  call  in- 
sive  segregation. 

THE   EFFECTS  OF   SEGREGATION. 

The  effects  of  segi'egation  can  be  studied  to  advantage  in  ihv  vast 
experience  that  h^  been  a(*<;uniulated  in  the  domestication  of  plants 
and  animals. 
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Artificial  segregation  is  caused  by  the  relations  in  which  the  organ- 
ism stands  to  the  rational  environment,  that  is,  to  the  purposes  of  man. 
In  other  words,  artificial  segregation  is  the  rational  form  of  environal 
segregation.  Though  the  bearing  of  segregation  on  the  evolution  of 
species  in  a  state  of  nature  has  been  for  the  most  part  overlooked,  its 
effects  have  been  quite  familiar  to  the  breeder  of  domestic  races. 

As  a  convenient  method  of  illustration,  let  us  consider  the  different 
results  that  will  be  gained  according  as  we  subject  the  same  ten  pairs 
of  wild  rock  pigeons  to  one  or  the  other  of  the  following  methods  of 
treatment: 

In  the  first  experiment  let  the  treatment  be  as  follows:  Let  ten  avia- 
ries be  prepared,  and  in  each  aviary  put  one  male  with  the  female  that 
most  nearly  resembles  it.  When  the  young  of  each  aviary  arrive  at 
maturity,  let  them  be  inspected,  and  if  any  individual  resembles  the 
inmates  of  one  of  the  other  aviaries  more  than  the  inmates  of  the  aviary 
in  which  it  was  produced,  let  it  be  placed  with  those  it  most  closely 
resembles.  If  any  unusual  variation  arises,  let  it  be  placed  in  a  new 
aviary,  and  let  the  one  of  the  other  sex  that  most  closely  resembles  it 
in  that  respect  be  placed  with  it.  When  the  crowding  in  any  aviary 
becomes  iiyurious  to  the  health  of  the  birds  let  the  numbers  be  indis- 
criminately reduced.  Let  this  process  be  continued  many  generations, 
the  inmates  in  all  the  aviaries  being  fed  on  the  same  food,  and  in  every 
respect  treated  alike,  and  what  will  be  the  result! 

No  experienced  breeder  will  hesitate  in  assuring  us  that  under  such 
treatment  a  multitude  of  varieties  will  be  formed,  many  of  which  will 
be  very  widely  divergent  from  the  original  wild  stock.  In  other  words, 
cumulative  segregation  will  produce  accumulated  divergence^  though  there 
is  no  selection  in  the  sense  in  ivhich  natural  selection  is  selection. 

Again,  let  us  take  the  same  ten  pairs,  and  putting  them  into  one 
large  aviary,  let  them  breed  freely  together  without  any  segregative 
influence  coming  in  to  affect  the  result,  and  who  does  not  know  that 
the  type  would  remain  essentially  one,  though  a  considerable  range  of 
individual  variation  might  arise.  That  is,  without  segregation  no  diver- 
gence of  type  icill  arise, 

THE  NATURAL  LAW  OF   CUMULATIVE  SEGREGATION. 

I  shall  now  show  that  there  is  in  nature  a  law  of  cumulative  segrega- 
tion. There  are  large  classes  of  activities  in  the  organism  and  in  the 
environment  that  conspire  to  produce  segregate  breeding;  and  to  pro- 
duce it  in  such  a  way  that  in  a  vast  multitude  of  cases  it  becomes  a 
permanent  fact,  which  no  cause  that  we  are  acquainted  with  can  ever 
obliterate.  Moreover,  when  one  form  of  segregation  has  become  fully 
established,  we  find  that  the  different  branches  are  liable  to  be  .again 
subjected  to  segregative  influences,  by  which  each  branch  is  subdi- 
vided, and  in  time  differentiated  into  divergent  forms  that  are  not 
liable  to  inter-cross  in  a  state  of  nature. 
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Now,  as  we  have  just  pointed  out,  we  know  from  the  fundamental 
laws  of  the  organic  world,  that  cumulative  segregation  of  this  kind 
must  produ<5e  cumulative  divergence  oi'  types. 

The  segregation  that  results  from  the  natural  causes  enumerated  in 
this  paper  is  cumulative  in  two  respects.  In  the  first  place,  every  new 
form  of  segregation  that  now  appears  depends  on,  and  is  superimposed 
upon,  forms  of  segregation  that  have  been  i>reviou8ly  induced;  for 
when  negative  segregation  arises,  and  the  varieties  of  a  species  be- 
come less  and  less  fertile  with  each  other,  the  complete  infertility  that 
has  existed  between  them  and  some  other  species  does  not  disappear, 
nor  does  the  i)ositive  segregation  (that  is,  the  prevention  of  the  con- 
sorting of  the  8i)ecies  characterized  by  this  mutual  incapacity)  cease. 
Tlie  means  by  which  the  males  and  females  of  one  species  find  each 
other  are  not  abrogated  when  the  species  falls  into  segregated  varie- 
ties. In  the  second  place,  whenever  segregation  is  directly  produced 
by  some  quality  of  the  organism,  variations  that  possess  the  endow- 
ment in  a  superior  degree  will  have  a  larger  share  in  producing  the 
segregated  forms  of  the  next  generation,  and  accordingly  the  segrega- 
tive endowment  of  the  next  generation  will  be  greater  than  that  of  the 
present  generation;  and  so  with  each  successive  generation  the  segre- 
gation will  become  increasingly  complete. 

The  principle  of  cumulative  segregation,  first  in  its  independent 
action,  and  still  further  when  combined  with  the  diflferent  principles 
by  which  the  divergence  of  the  segregated  branches  is  intensified,  gives 
a  formal  explanation  of  the  ever-expanding  diversities  of  the  organic 
world.  It  shows  how  varieties  arise  and  pass  into  species,  how  species 
pass  into  genera,  genera  into  families,  families  into  orders,  and  orders 
into  classes  and  the  higher  divisions,  as  far  as  evolution  by  descent 
extends.  It  brings  to  light  the  dependence  of  this  whole  process  on 
the  influences  that  jn^oduce  segregation ;  and  shows  how  these  influ- 
ences, added  to  variation,  heredity,  and  the  other  acknowledged  powers 
residing  in  organisms,  must  produce  the  phenomena  of  divergent  evo- 
lution. 

COMPETITIVE   DISRUPTION. 

Before  entering  upon  the  discussion  of  the  direct  causes  of  cumula- 
tive segregation,  let  us  briefly  consider  a  law  resulting  from  the  compe- 
tition of  kindred  with  each  other,  which  brings  to  light  the  fact  that 
such  competition  is  one  of  the  most  important  factors  in  preparing  the 
way  for,  and  in  giving  intensity  to,  the  activities  that  lead  to  segrega- 
tion and  divergent  evolution.  It  is  manifest  that  competition  for  iden- 
tical resources  and  geographical  segregation  are  conditions  which  can 
not  exist  at  the  same  time  between  the  same  members  of  any  species; 
but  it  is  also  manifest  that  when  there  are  no  natural  barriers  separ- 
ating the  diftercnt  districts  of  an  area,  part  of  which  is  occupied  by  a 
si)ecies,  pressure  for  food  through  a  great  increase  in  the  population 
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will  tend  to  distribute  the  species  over  the  wliole  area;  and  if  the  avail- 
able resources  in  the  different  districts  are  considerably  diverse,  the 
overflow  of  population  from  the  crowded  district  will  be  subjected  to 
a  necessary  change  of  habits;  and  thus,  through  competition,  there 
will  be  the  disruption  of  old  relations  to  the  environment,  and  the 
bringing  in  of  conditions  that  give  the  highest  efficiency  and  the  full- 
est opportunity  to  all  the  activities  that  produce  segregation.  In  the 
case  of  animals,  no  condition  can  tend  more  strongly  to  produce  migra- 
tion than  scarcity  of  food  in  the  old  habitat;  and  in  the  case  of  both 
plants  and  animals,  a  great  increase  in  the  numbers  that  are  exposed 
to  the  winds,  currents,  and  other  transporting  influences  of  the  envi- 
ronment increases  the  probability  that  individuals  will  be  carried  to 
new  districts  where  circumstances  will  allow  of  their  multiplying,  and 
where  they  will,  at  the  same  time,  be  prevented  from  crossing  with  the 
original  stock.  In  many  cases  the  segregation  thus  brought  about 
will  be  in  districts  where  the  environment  is  the  same,  and  in  other 
cases  the  pressure  for  food  or  other  resources  will  lead  portions  of  the 
species  to  take  up  new  habits  in  the  effort  to  appropriate  resources  not 
previously  used;  and  through  these  new  habits  they  will  often  be  seg- 
regated from  those  maintaining  the  original  habits.  1  shall  hereafter 
show  that  in  both  these  cases  there  is  a  tendency  to  divergent  evolu- 
tion. 

I  at  one  time  thought  of  describing  this  principle  as  a  form  of  segre- 
gation, calling  it  dominational  segregation;  but  fiiller  reflection  convinces 
me  that  the  domination  of  the  strong  over  the  weak  is  not  a  form  of 
segregation,  but  rather  a  cause  that  prepares  the  way  for  segregation, 
by  forcing  x)ortion8  of  the  community  out  of  their  inherited  relations  to 
the  environment. 

CHAPTEE  III. 

DESCRIPTION  AND   CLASSIFICATION  OF  THE   CAUSES  OF  CUMUI.ATIVE 

SEGREGATION.* 

A.  ENVIRONAL  SEGREGATION. 

Environal  segregation  is  segregation  arising  from  the  relations  in 
which  the  organism  stands  to  the  environment. 

It  includes  four  classes,  which  I  call  industrial,  chronai,  spatial,  and 
artificial  segi-egation.t 

(a)  Industrial  segregation. 

is  segregation  arising  from  the  activities  by  which  the  organism  pro- 
tects itself  against  adverse  influences  in  the  environment,  or  by  which 
it  finds  and  appropriates  special  resources  in  the  environment. 

*  In  the  foUowing  chapters  numerals  are  attached  to  what  I  consider  separate 
causes  of  segregation  independent  of  human  purpose. 

tFraucis  Galton  has  suggested  another  class,  which  might  appropriately  be  called 
fertilizational  segregation. 
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The  dift'erent  forms  of  iudustrial  segregation  are  sustentational,  pro- 
tectional,  and  nidificational  segregation. 

For  the  production  of  industrial  segregation  it  is  necessary  that  there 
should  be,  in  the  same  environment,  a  diversity  of  fully  and  of  approx- 
imately available  resources  more  or  less  separated  from  each  other, 
and  in  the  organism  some  diversity  of  adaptation  to  these  resources, 
accompanied  by  powers  of  search  and  of  discrimination,  by  which  it  is 
able  to  find  the  resources  for  which  it  is  best  fitted  and  to  adhere  to 
the  same  when  found. 

The  relation  in  which  these  causes  stand  to  each  other  and  through 
which  they  produce  segregation  maybe  described  as  separation  accord- 
ing to  endowment — produced  by  endeavor  according  to  endowment. 

It  is  evident  that  if  initial  variation  presents  in  any  case  a  diversity 
of  adaptations  to  surrounding  resources  that  can  not  be  followed  with 
out  separating  those  differently  endowed,  we  shall  have,  in  the  very 
nature  of  such  variation,  a  cause  of  segregation  and  of  divergent  evo- 
lution. Some  slight  variation  in  the  digestive  i)ower8  of  a  few  indi- 
viduals makes  it  possible  for  them  to  live  exclusively  on  some  abundant 
form  of  food,  which  the  species  has  heretofore  only  occasionally  tasted. 
In  the  pressure  for  food  that  arises  in  a  crowed  community  these  take 
up  their  perman  ent  abode  where  the  new  form  of  food  is  most  accessible, 
and  thus  separate  themselves  from  the  original  form  of  the  species. 
These  similarly  endowed  forms  will  therefore  breed  together,  and  the 
offspring  will,  according  to  the  law  of  diversity  through  segregation,  be 
still  better  adapted  to  the  new  form  of  food.  And  this  increasing 
adaptation,  with  increasing  divergence,  might  continue  for  many  gen- 
erations, though  every  individual  should  come  to  maturity  and  propa- 
gate; that  is,  though  there  were  no  enhancing  of  the  effect  through 
diversity  of  selection,  or  indeed  thi'ough  any  other  cause  producing 
intensive  segregation.  And  when  different  forms  of  intention  do  arise 
they  may  be  entirely  independent  of  change  in  the  environment,  the 
only  change  being  in  the  forms  or  functions  of  the  organism. 

In  choosing  a  name  for  this  form  of  segregation  I  first  thought  of 
calling  it  physiological  or  functional  segregation;  but  such  a  name  is, 
on  closer  examination,  found  to  imply  both  too  much  and  too  little;  for, 
on  the  one  hand  there  is  probably  no  form  of  segregation  that  is  not  in 
some  way  or  in  some  degree  due  to  physiological  or  fonctional  causes, 
and  on  the  other  hand  this  special  form  of  segregation  is  as  dependent 
on  psychological  causes  which  guide  the  organism  in.  finding  and  in 
adhering  to  the  situation  for  which  it  is  best  fitted,  as  it  is  on  the  initial 
divergence  of  the  more  strictly  physiological  adaptations  by  which  it  is 
able  to  appropriate  and  assimilate  the  peculiar  form  of  resource.  In 
the  case  of  freely-moving  animals  the  psychological  guidance  is  an 
essential  factor  in  the  success  of  the  individual;  while  in  the  case  of 
plants  and  low  types  of  animal  life,  the  suitable  situation  is  reached  by 
a  wide  distribution  of  a  vast  number  of  seeds,  spores,  or  germs,  and 
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the  same  situation  is  maiutained  by  a  loss  of  migrational  power  as  soon 
as  the  germs  begin  to  develop.  In  these  lower  organisms  it  is  evident 
that  the  success  of  the  individual  must  depend  on  its  physiological 
rather  than  its  psychological  adaptations;  and  if  an  initial  divergence 
of  adaptations  results  in  a  slight  difference  in  the  kinds  that  succeed  in 
germinating  in  contrasted  situations,  the  difference  is  directly  due  to  a 
diversity  in  the  forms  of  natural  selection  affecting  the  seed,  and  the 
separation  is  what  I  hereafter  describe  as  local  separation,  passing  into 
local  segregation.  We  therefore  see  that  what  I  here  call  industrial 
segregation  depends  on  psychological  powers  acting  in  aid  of  divergent 
physiological  adaptations  to  the  environment,  or  in  aid  of  adaptations 
that  are  put  to  different  uses. 

Observation  shows  that  there  is  a  multitude  of  cases  in  which  en- 
deavor according  to  endowment  brings  together  those  similarly  endowed 
and  causes  them  to  breed  together ;  and  when  the  species  is  thus  divided 
into  two  or  more  groups  somewhat  differently  endowed,  there  will  cer- 
tainly be  an  increased  divergence  in  the  offspring  of  the  parents  thus 
segregated;  and  so  on  in  each  successive  generation,  as  long  as  the 
individuals  find  their  places  according  to  their  endowments,  and  thus 
propagate  with  those  similarly  endowed,  there  will  be  accumulated 
divergence  in  the  next  generation.  Indeed  it  is  evident  that  endeavor, 
according  to  endowment,  may  produce  under  one  environment  what 
natural  selection  produces  when  aided  by  local  separation  in  different 
environments.  As  it  produces  the  separate  breeding  of  a  divergent 
form  without  involving  the  destruction  of  contrasted  forms,  it  is  often 
the  direct  cause  of  divergent  transformations;  while  natural  selection, 
which  results  in  the  separate  breeding  of  the  fitted  through  the  failure 
of  the  unfitted,  can  never  be  the  cause  of  divergence  unless  there  are 
concurrent  causes  that  produce  both  divergent  forms  of  natural  selec- 
tion and  the  separate  breeding  of  the  different  kinds  of  variations  thus 
selected. 

Suetudinal  intension. — Another  law  is  usually  believed  to  be  connected 
with  endeavor  which,  if  it  exists,  must  conspire  to  enhance  its  tendency 
to  produce  divergent  evolution.  I  refer  to  the  influence  which  the 
habitual  endeavor  of  the  parents  has  on  the  inherited  i)owers  of  the  off- 
spring. We  may  call  it  the  law  of  endowment  of  offspring  according  to 
the  exerciseor  endeavor  of  parents,  or,  more  briefly,  suetudinal  intension. 
The  inherited  effects  of  use  and  disuse  have  been  fully  recognized  by 
Darwin,  Spencer,  Cope,  Murphy,  and  others,  and  need  not  here  be  dis- 
cussed. The  one  point  to  which  I  wish  to  call  attention  is,  that  in  order 
that  diversity  of  use  should  produce  divergent  evolution,  it  is  necessary 
that  free  crossing  should  be  prevented  between  the  different  sections  of 
the  species  in  which  the  diversity  of  use  is  found.  Now  this  condition 
of  separate  breeding  is  often  secured  by  industrial  segregation.  In 
other  words,  the  law  of  endeavor,  according  to  endowment,  often  se- 
cures separation  according  to  endowment,  and  this  gives  an  opportunity 
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for  the  inheritable  effects  of  diversity  of  endeavor  to  be  accumulated  iu 
successive  generations,  and  in  this  way  both  laws  con8i)ire  to  produce 
divergent  evolution. 

In  the  relation  of  these  two  factors  we  have  a  striking  example  of 
the  peculiar  interdependence  of  vital  phenomena.  Diversity  of  endow- 
ment is  the  cause  of  diversity  of  endeavor  and  of  segregate  breeding, 
and  diversity  of  endeavor  with  segregate  breeding  is  the  cause  of 
increased  diversity  of  endowment.  It  is  very  similar  to  the  relation 
between  power  and  exercise  in  the  individual.  Without  power  there 
can  be  no  exercise,  and  without  exercise  there  can  be  no  continuance 
or  growth  of  power. 

We  therefore  see  that  the  effects  of  industrial  segregation  .  are 
specially  liable  to  be  enhanced  by  that  form  of  intensive  segregation 
which  I  have  suggested  should  be  called  suetudinal  intension. 

Simple  and  familiar  as  the  principles  of  industrial  segregation  and 
suetudinal  intention  may  seem,  their  consistent  application  to  the 
theory  of  evolution  will  throw  new  light  on  a  wide  range  of  problems. 
This  law  of  divergent  evolution  through  industrial  segregation  rests 
on  facts  that  are  so  fully  acknowledged  by  all  parties,  that  it  seems  to 
be  a  superfluous  work  to  gather  evidence  on  the  subject.  It  may 
however  be  profitable  to  consider  briefly  whether  the  cases  are  frequent 
in  which  different  habits  of  feeding,  of  defense,  or  of  nest-building 
become  the  cause  of  separate  breeding  by  which  the  same  habits  are 
maintained  in  one  line  of  descent  without  serious  interruption  for  many 
generations.  It  is  important  to  remember,  (1)  that  the  separate  breed- 
ing will  arise  with  equal  certainty  whether  the  diversity  in  the  habits 
has  been  initiated  by  original  diversity  in  the  instincts  and  adaptations 
of  the  different  variations,  or  by  the  crowding  of  population  inducing 
special  efforts  to  find  new  resources,  and  leading  to  diversity  of 
endeavor;  and  (2)  that  in  either  case  the  result  is  what  is  here  called 
industrial  segregation.  In  the  first  case  the  process  is  directly  segrega- 
tive, while  in  the  second  case  it  is  primarily  separative,  but  (according 
to  the  principle  discussed  in  the  second  section  of  last  chapter)  inevita- 
bly passes  into  segregate  breeding.  Suetudinal  intention,  or  divergent 
evolution  through  diversity  of  use,  will  operate  as  surely  in  the  one 
case  as  in  the  other. 

1.  Sustentational  segregation  arises  from  the  use  of  different  methods 
of  obtaining  sustentation  by  members  of  the  same  species. 

There  can  be  no  doubt  that  of  the  innumerable  cases  where  phyto- 
phagic  varieties  (as  they  are  sometimes  called)  of  insects  exist,  a  con- 
siderable proportion  would  be  found  on  investigation  to  be  permanent 
varieties  producing  offspring  that  are  better  adapted  to  the  use  of  the 
special  form  of  food  consumed  by  the  parents  than  are  the  offspring  of 
other  varieties;  and  it  is  evident  that  if  the  peculiar  habits  of  each 
variety  had  no  tendency  to  produce  segregative  breeding  this  result 
would  not  be  re>a(*hed ;  for  each  variety  would  be  promiscuously  min- 
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gled  with  every  other,  and,  though  the  tendency  to  variation  miglit  be 
greatly  increased,  the  regular  production  of  ^ny  one  variety  of  young 
would  be  prevented. 

A  large  mass  of  facts  could  be  easily  gathered  illustrative  of  susten- 
tational  segregation;  but  as  the  principle  will  probably  be  denied  by 
no  one,  we  should  pass  on  without  further  expansion  of  this  part  of 
the  subject. 

2.  Protectional  segregation  is  segregation  from  the  use  of  different 
methods  of  protection  against  adverse  influences  in  the  environment. 

When  a  new  enemy  enters  the  field  occupied  by  any  species  different 
methods  of  escape  or  defense  are  often  open  to  the  members  of  the 
one  species,  and  the  use  of  these  different  methods  must  sometimes 
result  in  the  segregation  of  the  members  according  to  the  methods 
adopted.  Some  may  hide  in  thickets  or  holes,while  others  preserve 
themselves  by  flight.  Supposing  the  species  to  be  an  edible  butterfly 
occupying  the  o])en  fields,  and  the  new  enemy  to  be  an  insectivorous 
bird  also  keei)ing  to  the  open  country,  certain  members  might  escape 
by  taking  to  the  woodlands,  while  others  might  remain  in  their  old 
haunt,  gaining  through  protectional  selection  more  and  more  likeness 
to  some  inedible  species. 

3.  Nidificational  segregation. — Let  us  now  consider  the  eft'ects  of 
divergent  habits  in  regard  to  nest-building.  It  is  well  known  to 
American  ornithologists  that  the  cliff  swallow  of  the  eastern  portions 
of  the  United  States  has  for  the  most  part  ceased  to  build  nests  in  the 
clifts  that  were  the  original  haunts  of  the  species,  and  has  availed  itself 
of  the  protection  from  the  weather  offered  by  the  eaves  of  civilized 
houses;  and  that  with  this  change  in  nest-building  has  come  a  change 
in  some  of  its  other  h&bits.  Now  there  is  reason  to  believe  that  if  the 
number  of  houses  had  been  limited  to  a  hundredth  part  of  those  now 
existing,  and  if  that  limited  number  had  been  very  slowly  supplied, 
this  gradual  change  in  some  of  the  elements  of  the  environment  would 
have  resulted  in  divergent  forms  of  adaptation  to  the  environment  in 
two  sections  of  the  same  species.  One  section  would  have  retained  the 
old  habit  of  building  in  the  cliffs,  with  all  the  old  adapt^ions  to  the 
circumstances  that  depend  on  that  habit;  while  another  section  of  the 
species  would  have  availed  itself  of  the  new  opportunities  for  shelter 
under  the  eaves  of  houses,  and  would  have  (^hanged  their  inherited 
adaptations  to  meet  the  new  habits  of  nest-building  and  of  feeding. 
It  is  also  evident  that  the  prevention  of  free  inter-breeding  between  the 
different  sections  caused  by  the  diversity  of  habits  w<mld  have  been 
an  essential  fiactor  in  the  divergence  of  character  in  the  sections. 

It  simply  remains  to  consider  whether  the  industrial  habit  that  sepa- 
rates an  individual  from  the  mass  of  the  species  will  necessarily  leave 
it  alone,  without  any  chance  of  finding  a  consort  that  may  join  in  pro- 
ducing a  new  intergenerant.  The  answer  is  that  there  is  no  such 
necessity.     Thcmgh  it  may  sometimes  1ia])pen  that  an  individual  may 
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be  separated  from  all  companious  by  its  industrial  habit,  it  is  usually 
found  that  those  that  at  one  time  and  one  place  adopt  the  habit  are 
usually  sufficient  to  keep  up  the  new  strain,  if  they  succeed  in  securing 
the  needed  sustenance. 

{b)  Chronal  segregation, 

is  segregation  arising  from  the  relations  in  which  the  organism  stands 
to  times  and  seasons. 

I  distinguish  two  forms — cyclical  and  seasonal  segregation. 

4.  Cyclical  segregation  is  segregation  arising  from  the  fact  that  the 
life  cycles  of  the  different  sections  of  the  species  do  not  mature  in  the 
same  years. 

A  fine  illustration  of  this  form  of  segregation  is  found  in  the  case  of 
Cicada  septemdecim,  whose  metropolis  is  in  Virginia,  Maryland,  and 
Delaware,  though  many  outlying  broods  are  found  in  other  regions 
east  of  the  Mississippi  Eiver.  The  typical  form  has  a  life-cycle  of  sev- 
enteen years,  but  there  is  a  special  race  {Cicada  tredeeim^  Biley)  that  is 
separated  from  the  typical  form,  both  locally  and  chronally.  As  the 
life-cycle  of  this  race  is  thirteen  Instead  of  seventeen  years,  even  if  oc- 
cupying the  same  districts  and  breeding  at  exactly  the  same  season, 
inter  breeding  could  occur  between  the  two  forms  only  once  in  two  hun- 
dred and  twenty-one  years,  or  once  in  thirteen  generations  of  the  longer 
lived  race,  and  once  in  seventeen  generations  of  the  shorter  lived  race. 
During  the  year  1885  the  two  races  appeared  simultaneously.  The  op- 
portunity for  testing  whether  they  would  freely  interbreed  if  brought 
together  has  therefore  passed  not  to  return  till  the  year  2106;  but  the 
distribution  of  the  two  races  in  different  districts  seems  to  indicate 
that  local  segregation  has  had  an  important  influence  in  the  develop- 
ment of  the  race.  It  is  manifest,  however,  that  if  during  a  period  of 
local  separation,  or  if  during  the  period  of  two  hundred  and  twenty- 
one  years  of  cyclical  separation  after  the  thirteen-year  race  was  first 
formed,  this  race  should  become  modified  in  the  season  of  its  appear- 
ing, there  would  after  that  be  no  mingling  of  race,  though  brought  to- 
gether in  the  same  districts.  This  would  be  seasonal  segregation, 
which  we  shall  consider  in  the  next  section ;  but  what  is  of  special  inter- 
est here,  as  an  example  of  complete  cyclical  segregation,  is  the  fact  that 
at  Fall  River,  Mass.,  there  is  a  brood  of  the  septemdecim  form,  due  a 
year  later  than  the  universal  time  of  appearing.* 

In  any  species  where  the  breeding  of  each  successive  generation  is 
separated  by  an  exact  measure  of  time  which  is  very  rigidly  regulated 
by  the  constitution  of  the  species,  cyclical  segregation  will  follow,  if 
through  some  extraordinary  combination  of  circumstances,  members 


*  See  statement  by  Prof.  C.  V.  Riley,  in  SciencCf  vol.  vi,  p.  4.  For  particnlars  con- 
cerning the  distribution  and  habits  of  this  species,  see  a  j»aper  by  Prof.  Riley,  read 
before  the  Biological  Society  of  Washington,  May  30,  1885,  extract*  from  which  are 
given  in  Science^  vol.  v,  p.  518. 
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Ruificieiit  to  propagate  the  species  are  either  hastened  or  delayed  in 
their  development,  and  thus  thrown  out  of  synchronal  compatibility 
with  the  rest  of  the  species.  If,  after  being  retarded  or  hastened  in 
development  so  that  part  of  a  cycle  is  lost  or  gained,  the  old  constitu- 
tional time  measure  reasserts  itself  the  segregation  is  complete. 

So  far  as  this  one  point  relating  to  the  time  of  maturing  is  concerned 
the  constitutional  difference  is  segregative,  while  in  every  other  respect 
it  will  be  simply  separative,  except  as  sex)aration  passes  into  segrega- 
tion. The  Fall  River  brood  of  Cicada  septemdecim  being  entirely  separ- 
ated from  all  other  broods  of  the  same  race  by  being  belated  a  year 
may  be  modified  by  forms  of  natural  selection  that  never  arise  in  these 
other  broods.  And  this  may  be  the  case  even  if  a  brood  observing  the 
ordinary  time  is  always  associated  with  it  in  locality. 

5.  Seasonal  segregation  is  produced  whenever  the  season  for  repro- 
duction in  any  section  of  the  species  is  such  that  it  can  not  interbreed 
with  other  sections  of  the  species.  It  needs  no  argument  to  show  that 
if  in  a  species  of  plant  that  regularly  flowers  in  the  spring,  there 
arises  a  variety  that  regularly  flowers  in  the  autumn,  it  will  be  pre- 
vented from  interbreeding  with  the  typical  form.  The  question  of  chief 
interest  is.  Under  what  circumstances  are  varieties'of  this  kind  likely 
to  arise!  Is  a  casual  sport  of  this  kind  likely  to  transmit  to  subse- 
quent generations  a  permanently  changed  constitution?  If  not,  how 
is  the  new  constitution  acquired!  One  obvious  answer  is  that  it  may 
arise  under  some  special  influence  of  the  environment  upon  members 
of  the  species  that  are  geographically  or  locally  segregated  from  the 
rest  of  the  species. 

But  may  not  the  variation  in  the  season  of  flowering  be  the  cause  of 
segregation  that  will  directly  tend  to  produce  greater  variation  in  that 
respect  in  the  next  generation,  and  so  on  till  the  divergence  in  the  con- 
stitutional adaptation  to  season  is  carried  to  the  greatest  extreme  that 
is  compatible  with  the  environment!  I  believe  that  it  not  only  may 
but  must  have  that  effect;  but  we  should  remember  that  the  average 
form  which  flowers  at  the  height  of  the  season  will  so  vastly  predomi- 
nate over  the  extreme  forms  that  the  latter  will  be  but  stragglers  in 
comparison. 

In  regard  to  the  one  point  of  the  se^ason  of  readiness  for  propagation 
this  principle  is  segregative;  but  in  other  respects  it  is  simply  separa- 
tive, unless  through  the  principle  of  correlated  variation  other  char- 
acters are  directly  connected  with  the  constitution  that  determines  the 
season.  It  will  be  observed  that  seasonal  segregation  is  produced  by 
a  parallel  and  simultaneous  change  in  the  constitution  of  members  in 
one  place  sufticient  to  i)ropagate  the  species;  while  cyclical  segregation 
is  produced  by  a  simultaneous  acceleration  or  retardation  in  the  devel- 
opment of  members  in  one  i)lace  suflBcient  to  propagate  the  species 
without  disturbing  the  regular  action  of  the  constitution  under  ordi- 
nary circumstances. 
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(e)  Spatial  aegregatioa 

is  segregation  arising  from  the  relations  in  which  the  organism  stands 
to  space. 

I  distinguish  two  forms,  viz:  geographical  and  local  segregation. 

Geographical  segregation  is  segregation  that  arises  from  the  distribu- 
tion of  the  species  in  districts  separated  by  geographical  baiTiers  that 
prevent  free  inter-breeding.  Decided  differences  of  climate  in  neigh- 
boring districts  and  regions  may  be  classed  as  geographical  barriers. 

Local  segregation  is  segregation  that  arises  when  a  species  with  small 
l>owers  of  migration  and  small  opjiortunities  for  transportation  has 
been  in  time  very  widely  distributed  over  an  area  that  is  not  subdi- 
vided by  geograjihical  barriers.  The  segregation  in  this  case  is  due  to 
the  disproportion  between  the  size  of  the  area  occupied  and  the  powers 
of  communication  existing  between  the  members  of  the  species  occu- 
pying the  different  parts  of  the  area.  Though  it  is  often  difficult  to 
say  whether  a  given  case  of  segregation  should  be  classed  as  geograph- 
ical or  local,  still  the  distinction  will  be  found  useful,  for  the  results 
will  differ  according  as  the  segregation  is  chiefly  due  to  barriers  or  to 
wide  diffusion  of  the  species.  In  geographical  segregation  the  result 
is  usually  the  development  of  well-defined  varieties  or  species  on  oppo- 
site sides  of  the  barriers;  but  in  local  segregation  it  often  happens  that 
the  forms  found  in  any  given  locality  are  connected  with  those  in  sur- 
rounding localities  by  individuals  presenting  every  shade  of  interme- 
diate character;  and  in  general  terms  it  may  be  said  that  the  forms 
most  widely  separated  in  si)ace  are  most  widely  divergent  in  charac- 
ter. It  is  of  course  apparent  that  when  the  divergence  has  reached  a 
certain  jx>int,  the  differentiated  forms  may  occupy  the  same  districts 
without  inter-breeding,  for  they  will  be  kept  apart  by  some,  if  not  all, 
of  the  different  forms  of  industrial,  chronal,  conjunctional,  and  impreg- 
national  segregation. 

Three  different  forms  of  spatial  segregation  may  be  distinguished 
according  to  the  causes  by  which  they  are  produced,  viz : 

6.  Migrational  segregation^  caused  by  powers  of  locomotion  in  the 
organism. 

7.  Transportational  segregation,  caused  by  activities  in  the  environ- 
ment that  distribute  the  organism  in  different  districts  (prominent 
among  these  are  currents  of  atmosphere  and  of  water,  and  the  a<^tion  of 
migratory  species  upon  those  that  can  simply  cling). 

8.  Geological  segregation^  caused  by  geological  changes  dividing  the 
territory  occupied  by  a  species  into  two  or  more  sections.  For  exam- 
ple, geological  subsidence  may  divide  the  continuous  area  occupied  by 
a  species  into  several  islands,  separated  by  <*hannels  which  the  creatures 
in  question  can  not  pass. 

Migration  differs  from  transportation  simply  in  that  the  former  is  the 
direct  result  of  activities  in  the  organism,  and  the  latter  of  activities 
in  the  environment;  and  though  the  distribution  of  every  species  de- 
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pends  oil  the  coiiibiued  action  of  both  classes  of  activities,  it  is  usually 
easy  to  determine  to  which  class  the  carrying  power  belongs.  The 
(lualities  of  the  thistle  down  enable  it  to  float  in  the  air,  but  it  is  the 
wind  that  carries  it  afar. 

Some  degree  of  local  segregation  exists  whenever  the  members  of  a 
species  produced  in  a  given  area  are  more  likely  to  interbreed  with  each 
other  than  with  those  produced  in  surrounding  areas,  or  whenever 
extraordinary  dispersal  plants  a  colony  beyond  the  range  of  ordinary 
dispersal.  In  other  words,  when  those  produced  in  a  given  district  are 
more  nearly  related  with  eoAih  other  than  with  those  produced  in  sur- 
rounding districts,  there  local  segregation  has  existed. 

There  is  one  important  respect  in  which  spatial  segregation  differs 
from  all  other  forms  of  environal  segregation,  namely,  in  its  ordinary 
oi>eration  it  does  not  depend  directly  upon  diversity  in  the  qualities  and 
powers  of  the  organism.  The  dispersion  of  the  members  of  a  species 
would  not  be  prevented  if  each  was  exactly  like  every  other;  though 
of  course  if  there  were  no  power  of  variation,  separate  breeding  would 
have  no  influence  in  producing  divergence  of  character.  It  follows  that 
every  species  is — or  is  more  or  less  liable  to  be— affected  by  spatial 
segregation ;  and  it  often  happens  that  other  forms  of  segregation  arise 
through  the  previous  operation  of  this  form ;  but  as  spatial  segregation 
prevents  organisms  from  crossing  only  when  separated  in  space,  it  must 
always  be  re-enforced  by  other  forms  of  segregation  before  well-defined 
species  are  produced  that  are  capable  of  occupying  the  same  district 
without  inter-breeding.  The  vast  majority  of  the  divergent  forms  arising 
through  local  segregation  are  re-integrated  with  the  surrounding  forms, 
new  divergences  constantly  coming  in  to  take  the  place  of  the  old;  but 
if,  during  its  brief  period  of  local  divergence,  industrial  or  chronal 
segregation  is  introduced,  the  variety  becomes  more  and  more  differen- 
tiated, and,  as  one  after  another  the  different  forms  of  reflexive  segre- 
gation arise,  it  passes  into  a  well-defined  species.  There  is  however 
reason  to  believe  that  the  order  of  events  is  often  the  reverse,  reflexive 
forms  of  segregation  being  the  cause  of  the  first  divergences. 

As  spatial  segregation  does  not  depend  upon  diversity  in  the  quali- 
ties and  x>owers  of  the  organism,  so  also  it  does  not  usually  result  in 
distributing  the  organism  in  different  localities  according  to  their  dif- 
ferences of  endowment.  The  causes  that  produce  it  are  primarily 
separative,  not  segregative. 

Migration  is  produced  by  the  natural  i)owers  of  the  organism,  acting 
under  the  guidance  of  instincts  that  usually  lead  a  group  of  individuals, 
capable  of  propagating  the  species,  to  migrate  together;  while  the 
organisms  that  are  most  dependent  on  activities  in  the  environment  for 
their  distribution,  are  usually  distributed  in  the  form  of  seeds  or  germs, 
any  one  of  which  is  capable  of  developing  into  a  complete  community. 

The  causes  of  separation  between  the  different  sections,  and  of  integra- 
tion between  the  members  of  one  section,  are  therefore  sufftciently 
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clear,  but  what  are  the  causes  of  difference  of  character  in  the  different 
sections,  especially  when  they  are  exposed  to  the  same  environment T 
These  causes  all  come  under  what  I  call  intensive  segregation,  which, 
for  the  sake  of  saving  repetition,  will  be  fully  discussed  in  a  separate 
paper. 

(d)  Fertilizationai  segregation. 

Since  writing  this  chapter  on  environal  segregation  I  have  seen 
Francis  Galton's  short  article  on  "  The  Origin  of  Varieties,"  published 
in  NaturCj  vol.  xxxiv,  p.  395,  in  which  he  refers  to  a  cause  of  segrega- 
tion that  had  not  occurred  to  me.  He  says:  ^'If  insects  visited  pro- 
miscuously the  flowers  of  a  variety  and  those  of  the  parent  stock,  then, 
supposing  the  organs  of  reproduction  and  the  period  of  flowering  to  be 
alike  in  both  and  that  hybrids  between  them  could  be  produced  by 
artificial  cross-fertilization,  we  should  expect  to  find  hybrids  in  abun- 
dance whenever  members  of  the  variety  and  those  of  the  original  stock 
occupied  the  same  or  closely  contiguous  districts.  It  is  hard  to  account 
for  our  not  doing  so,  except  on  the  supposition  that  insects  feel  repug- 
nance to  visiting  the  plants  interchangeably." 

9.  Following  the  form  of  nomenclature  adopted  in  this  paper,  I  vent- 
ure to  call  this  pTinciple  fertilizational  segregation. 

It  is  evident  that  segregation  of  this  form  depends  on  divergence  of 
character  already  clearly  established,  and  therefore  on  some  other  form 
of  segregation  that  has  preceded.  It  is  also  segregative  rather  than 
separative,  in  that  it  x>6rpetuates  a  segregation  previously  produced, 
which  might  otherwise  be  obliterated  by  the  distribution  of  the  differ- 
ent forms  in  the  same  district.  The  form  of  segregation  that  precedes 
fertilizational  segregation,  producing  the  conditions  on  which  it  de- 
pends, must,  from  the  nature  of  the  case,  be  local  segregation.  Chronal 
and  impregnational  segregation,  when  imperfectly  established,  might 
be  fortified  by  fertilizational  segregation ;  but,  in  the  case  of  plants, 
these  are  all  dependent  on  previous  local  segregation. 

(e)  Artificial  segregation. 

Artificial  segregation  is  segregation  arising  from  the  relations  in 
which  the  organism  stands  to  the  rational  environment.  As  the  oper- 
ation of  this  cause  is  familiar,  and  as  it  was  considered  in  the  last  chap- 
ter when  discussing  the  effects  of  segregation,  we  pass  on,  simply 
calling  attention  to  the  fact  that  it  is  a  form  of  environal  segregation. 

THE  IMPORTANCE  OF  ENVIRONAL  SEGREGATION. 

We  must  not  assume  that  the  various  forms  of  environal  segregation 
are  of  small  influence  in  the  formation  of  species  because  sexual  or 
impregnational  incompatibility  is  a  more  essential  feature,  without 
which  all  other  distinctions  are  liable  to  be  swept  away.  The  imi)or- 
tance  of  the  forms  of  segregation  discussed  in  this  chapter  lies  in  the  fact 
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that  they  often  open  the  way  for  the  entrance  of  the  more  fundamental 
forms  of  segregation,  even  if  they  are  not  essential  conditions  for  the 
development  of  the  same.  Though  myriads  of  divergent  forms  pro- 
duced by  local  and  industrial  segregations  are  swept  away  in  the  strug- 
gle for  existence,  and  myriads  are  absorbed  in  the  vast  tides  of  crossing 
and  iiit«r-crossing  currents  of  life,  the  power  of  any  species  to  produce 
more  and  more  highly  adapted  variations,  and  to  segregate  them  in 
groux>s  that  become  specially  adapted  to  special  ends,  or  that  grow  into 
specific  forms  of  beauty  and  internal  harmony,  is  largely  dependent  on 
these  factors. 

Chapter  IV. 

DESCRIPTION  AND  CLASSIFICATION  OP  THE  CAUSES  OF  CUMULATIVE 

SEGREGATION  (continued). 

B.  REFLEXIVE  SEGREGATION. 

Reflexive  segregation  is  segregation  arising  from  the  relations  in 
which  the  members  of  one  species  stand  to  each  other. 

It  includes  three  classes,  which  I  call  conjunctional,  impregnational, 
and  institutional  segregation. 

It  is  important  to  observe  that  intergeneration  requires  compatibility 
in  all  the  circle  of  relations  in  which  the  organism  stands;  but,  in  order 
to  insure  segregation  between  any  two  or  more  sections  of  a  species,  it 
is  sufficient  that  incompatibility  should  exist  at  but  one  point.  If 
either  sexual  or  social  instincts  do  not  accord,  if  structural  or  dimen- 
sional characters  are  not  correlated,  if  the  sexual  elements  are  not 
mutually  potential,  or  if  fixed  institutions  hold  groups  apart,  inter- 
generation is  prevented,  and  se-generation  is  the  result,  either  as 
segregation,  or  as  separation  that  is  gradually  transformed  into  segre- 
gation. 

(a)  Conjunctional  segregation. 

Conjunctional  segregation  is  segregation  arising  from  the  instincts 
by  which  organisms  seek  each  other  and  hold  together  in  more  or  less 
compact  communities,  or  from  the  powers  of  growth  and  segmentation 
in  connection  with  self-fertilization,  through  which  similar  results  are 
gained. 

I  distinguish  four  forms,  social,  sexual,  germinal,  and  floral  segre- 
gation. 

10.  Social  segregation  is  produced  by  the  discriminative  action  of 
social  instincts. 

The  law  of  social  instinct  is  preference  for  that  which  is  familiar  in 
one's  companions;  and,  as  in  most  cases  the  greatest  familiarity  is 
gained  with  those  that  are  near  of  kin,  it  tends  to  produce  breeding 
within  the  clan,  which  is  a  form  of  segregate  breeding.  If  the  elan 
never  grows  beyond  the  powers  of  individual  recognition,  or  if  the 
H.  Mis.  334,  pt.  1 20 
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nnmbors  never  become  so  great  as  to  impede  each  other  in  gaining  sus- 
tenance, there  will  be  but  little  occasion  for  segregation;  but  mul- 
tiplication will  lead  to  segmentation.  Wherever  the  members  of  a 
species,  ranging  freely  over  a  given  area,  divide  up  into  separate  herds, 
Hocks,  or  swarms,  of  which  the  members  produced  in  any  one  clan 
breed  with  each  other  more  than  with  others,  there  we  have  social 
segregation. 

It  should  always  be  kept  in  mind  that  social  segregation  arises  at  a 
very  early  stage,  holding  apart  groups  not  at  all  or  but  very  slightly 
diflferentiat^d;  while  in  the  case  of  many  animals,  the  eager  sexual 
instincts  of  the  males  constantly  tend  to  break  up  these  minor  groups. 
Though  the  barriers  raised  by  social  instincts  are  often  broken  over,  ' 
their  influence  is  not  wholly  overcome ;  and  in  many  instances  the  social 
segregation  becomes  more  and  more  pronounced,  till  in  time  decided 
sexual  segregation  comes  in  to  secure  and  strengthen  the  divergence. 

11.  Sexual  segregation  is  produced  by  the  discriminative  action  of 
sexual  instincts. 

There  can  be  no  doubt  that  sexual  instincts  often  dififer  in  such  a 
way  as  to  produce  segregation.  But  how  shall  we  account  for  these 
ditterences?  In  the  (;ase  of  social  segregation  there  is  no  difficulty,  for 
it  seems  to  be,  like  migration,  due  to  a  constant  instinct,  always  tend- 
ing to  segregation.  We  also  see  that  an  endowment  which  prevents 
the  destruction  of  the  species  through  the  complete  isolation  of  indi- 
viduals, and  which  co-operates  with  migrational  instincts  in  securing 
dispersal  without  extinction,  may  be  perfected  by  the  accumulating 
effects  of  its  own  action.  And  is  there  any  greater  difficulty  in  ac- 
counting for  the  law  that  regulates  sexual  instincts  I  If  it  can  be 
shown  that  vigor  and  variation,  the  conditions  on  which  adaptation 
depends,  are  in  their  turn  dependent  on  some  degree  of  crossing,  there 
will  be  no  difficulty  in  attributing  the  development  of  an  instinct  that 
secures  the  crossing  to  the  superior  success  of  the  individuals  that 
possess  it  in  even  a  small  degree.  On  the  other  hand,  whenever  there 
arises  a  variety  that  can  maintain  itself  by  crosses  within  the  same 
variety,  atiy  variation  of  instinct  that  tends  to  segregation  will  be 
preserved  by  the  segregation.  It  needs  no  experiments  to  prove  that 
if  the  members  of  a  species  are  impelled  to  consort  only  with  the 
members  of  other  species,  they  will  either  fail  to  leave  offspring  or 
their  oft'spring  Mill  fail  to  inherit  the  characteristics  of  the  species. 
The  same  is  true  concerning  the  continuance  of  a  variety  that  is  not 
otherwise  segregated.  The  iwwer  of  variation  on  the  one  hand,  and 
the  power  of  divergent  accnimulation  of  variations  on  the  other  hand, 
are  prime  necessities  lor  creatures  that  are  wresting  a  living  from  a 
vast  and  complex  environment;  and  the  former  is  secured  by  the  ad- 
vantage over  rivals  possessed  by  the  variations  that  favor  crossing, 
and  the  latter  by  the  better  escape  from  the  swamping  effect,  and 
sometimes  from  the  competition  of  certain  rivals,  secured  by, the  more 
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segregative  variations.  We  must  therefore  believe  that  whenever  in 
the  history  of  an  organism  there  arise  segregative  variations  which  %re 
able  to  secure  sufficient  sustentation  and  propagation  to  continue  the 
species,  the  segregative  quality  of  the  forms  thus  endowed  will  be 
preserved  and  accumulated  through  the  self-accumulating  effect  of  the 
segregative  endowments. 

It  is  probable  that  in  many  of  the  higher  vertebrates  sexual  instincts 
tend  to  bring  together  those  of  somewhat  divergent  character,  but  the 
difference  preferred  is  within  very  narrow  limits,  and  beyond  those 
limits,  it  may  be  said  that  the  general  law  for  sexual  attraction  is  that 
it  varies  inversely  as  the  difference  in  the  characters  of  the  races  rep- 
resented, if  not  inversely  as  some  power  of  such  difference.  The  action 
of  such  a  law  is  necessarily  segregative,  whenever  the  divergence  has, 
through  other  causes,  passed  beyond  the  limit  of  higher  attraction. 
Before  sexual  segregation  can  arise  there  must  arise  distinctive  charac- 
teristics by  means  of  which  the  members  of  any  section  may  discriminate 
between  those  of  their  own  and  other  sections.  If  there  are  no  con- 
stant characteristics  there  can  be  no  constant  aversion  between  members 
of  different  groups,  no  constant  preference  of  those  of  one's  own  group. 
From  this  it  follows,  that  before  sexual  segregation  can  arise,  some 
form  of  segregation  that  is  not  dependent  on  accumulated  divergence 
of  character  must  have  produced  the  divergence  on  which  the  sexual 
segregation  depends.  Such  forms  are  local,  social,  and  some  kinds  of 
industrial  segregation.  When  varieties  have  arisen  through  these 
causes  it  often  happens  that  sexual  segregation  comes  in  and  perpetu- 
ates the  segregation  which  the  initial  causes  can  no  longer  sustain. 
As  long  as  the  groups  are  held  apart  by  divergent  sexual  instincts,  it 
is  evident  that  divergent  forms  of  sexual  selection  are  almost  sure  to 
arise,  leading  to  a  further  accumulation  of  the  divergence  initiated  by 
the  previous  causes. 

If  there  is  any  persistent  cause  by  which  local  and  social  groups  are 
broken  up  and  promiscuously  intermingled  before  recognizable  charac- 
ters are  gained,  the  entrance  of  sexual  segregation  will  be  prevented. 
I  therefore  conclude  that  the  chief  influence  of  this  latter  factor  is 
found  in  its  prolonging  and  fortifying  the  separate  breeding  of  varie- 
ties that  have  arisen  under  local,  social,  or  industrial  segregation,  and 
in  thus  continuing  the  necessary  condition  for  the  development  of 
increasingly  divergent  forms  of  intensive  segregation,  under  which  the 
organism  passes  by  the  laws  of  its  own  vital  activity  when  dealing  with 
a  complex  environment  in  groui)S  that  never  cross. 

12.  Oerminal  segregation  is  caused  by  the  propagation  of  the  species 
by  means  of  seeds  or  germs  any  one  of  which,  when  developed,  forms 
a  community  so  related  that  the  members  breed  with  each  other  more 
frequently  than  with  the  members  of  other  communities.  If  the  cx)n- 
stitutioB  of  any  si>ecics  is  such  that  the  ovules  produced  from  one  seed 
are  more  likely  to  be  reached  and  fertilized  l^  pollen  produced  from 
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the  same  seed  than  by  pollen  produced  from  auy  other  one  seed,  then 
germinal  segregation  is  the  result. 

In  order  to  secure  this  kind  of  segregation  it  is  not  necessary  that 
the  flowers  fertilized  by  pollen  from  the  same  plant  should  be  more 
fertile,  or  the  seeds  capable  of  producing  more  vigorous  plant^^  than  the 
flowers  fertilized  by  pollen  from  another  plant.  All  that  is  required  is 
that  of  the  seeds  produced  a  larger  number  shall  be  fertilized  by  the 
pollen  of  the  same  plant  than  by  the  pollen  of  any  other  one  plant. 

This  form  of  segregation  is  closely  related  to  local  segregation  on  one 
side,  and  to  social  segregation  on  the  other.  It  however  difiers  from 
the  former  in  that  it  does  not  depend  on  migration  or  transportation, 
and  from  the  latter  in  that  it  does  not  depend  on  social  instincts. 

13.  Floral  segregation  is  segregation  arising  from  the  closest  form  of 
self-fertilization,  namely,  the  fertilization  of  the  ovules  of  a  flower  by 
pollen  from  the  same  flower. 

Many  plants  that  in  their  native  haunts  are  frequently  crossed  by 
the  visits  of  insects  depend  entirely  on  self-fertilization  when  trans- 
ported to  other  countries  where  no  insect  is  found  to  perform  the  same 
service  for  them.  The  common  pea  (Pisum  sativum)  is  an  example  of 
a  species  that  habituaUy  fertilizes  itself  in  England,  though  Darwin 
found  that  it  was  very  rarely  visited  by  insects  that  were  capable  of 
carrying  the  pollen.^  Darwin  also  mentions  Ophrys  apifera  as  an 
orchid  which  "has  almost  certainly  been  propagated  in  a  state  of 
nature  for  thousands  of  generations  without  having  been  once  inter- 
crossed."! 

A  fact  of  great  importance  in  its  bearing  on  the  origin  of  varieties 
should  be  here  noted.  Any  variation,  arising  as  a  so-called  sport,  in 
any  group  of  plants  where  either  of  these  principals  is  acting  strongly, 
will  be  restrained  from  crossing,  and  will  be  preserved  except  in  so  far 
as  reversion  takes  place.  Now  there  is  always  a  possibility  that  some 
of  the  segregating  branches  of  descent  will  not  revert,  and  that 
through  the  special  character  which  they  possess  in  common,  they  will 
some  time  secure  the  services  of  some  insect  that  will  give  them  the 
benefit  of  cross-fertilization  with  each  other  without  crossing  with 
other  varieties.  The  power  of  attaining  new  adaptations  may  be 
favored  by  self-fertilization,  occasionally  interrupted  by  inter-breeding 
with  individuals  of  another  stock;  for  the  latter  is  favorable  as  intro- 
ducing vigor  and  variation,  and  the  former  as  giving  opportunity  for 
the  accumulation  ot  variations. 

(6)  Impregnatioiial  segregation, 

Impregnational  segregation  is  due  to  the  different  relations  in  which 
the  members  of  a  species  stand  to  each  other  in  regard  to  the  possi- 
bility of  their  producing  fertile  offspring  when  they  consort  together. 

*  S«o  "  ('ro8s  aud  self-fertilization  in  the  vegetable  kingdom,"  p.  UU. 
t  See  ibidem,  p.  439. 
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In  order  that  impregnational  segregation  should  be  est^iblished  and 
perpetuated  it  is  necessary :  First,  that  variation  should  arise  from 
which  it  results  that  those  of  one  kind  are  capable  of  producing  vigor- 
ous ancT fertile  offspring  in  greater  numbers  when  breeding  with  each 
other  than  when  breeding  with  other  kinds;  second,  that  mutually 
cx)mpatible  forms  should  be  so  brought  together  as  to  insure  propaga- 
tion through  a  series  of  generations.  In  order  to  secure  this  second 
condition  it  is  necessary  that,  in  the  case  of  plants,  there  should  be 
some  degree  of  local,  germinal,  or  floral  segregation,  and  in  the  case  of 
animals  that  pair,  either  pionounced  local  segregation,  or  partial  local 
segregation  supplemented  by  social  or  sexual  segregation.  The  first 
of  these  factors  I  call  negative  segregation,  as  contrasted  with  all 
other  forms  of  segregation,  which  I  group  together  as  positive  segre- 
gation. 

Of  each  form  of  segregation  which  we  have  up  to  this  point  consid- 
ered, the  segregating  cause  has  been  one  that  distributes  individuals 
of  the  same  species  in  groups  between  which  free  inter-generation  is 
checked;  while  the  propagation  of  the  different  groups  depends  simply 
on  the  original  capacity  for  inter-generating  common  to  all  the  members 
of  the  species.  The  intercrossing  has  been  limited  not  by  the  capacity 
but  by  the  opportunity  and  inclination  of  the  members.  Coming  now 
to  cases  in  which  the  lack  of  capacity  is  the  cause  that  checks  the  pro- 
duction of  mongrels,  we  find  a  dependence  of  a  very  different  kind;  for 
to  insure  the  propagation  of  the  different  groups  it  is  not  enough  that 
the  general  opportunity  for  the  members  to  meet  and  consort  remains 
unimpaired.  There  must  be  some  additional  segregating  influence 
bringing  the  members  together  in  groups  corresponding  to  their  seg- 
regate capacity,  or  they  will  fail  of  being  propagated. 

A  partial  exception  must  be  made  in  the  case  of  potential  and 
pre-potential  segregation,  the  latter  being  due  to  the  pre-potency  of 
the  pollen  of  a  species  or  variety,  on  the  stigma  of  the  same  species 
or  variety  and  the  former  to  the  complete  impotence  of  the  foreign 
pollen.  When  allied  species  of  plants  are  i)romiscuously  distrib- 
uted over  the  same  districts,  and  flowering  at  the  same  time,  pre-po- 
tency  of  this  kind  is  one  of  the  most  direct  and  efficient  causes  of 
segregate  breeding.  The  same  mufit  be  true  of  varieties  similarly  dis- 
tributed whenever  this  character  begins  to  aftect  them.  In  the  case, 
however,  of  <lirt»cious  plants  and  of  plants  whose  ovules  are  incapable  of 
being  inii)regnated  by  pollen  from  the  same  plant,  no  single  plant  can 
propagate  the  species.  If  therefore  the  individuals  so  varying  as  to 
be  pre-potent  with  each  other  are  very  few  and  are  evenly  distributed 
amongst  a  vast  number  of  the  original  form,  they  will  fail  of  being 
segregated  through  failing  to  receive  any  of  the  prepotent  pollen.  It 
is  thus  apparent  that  when  the  mutually  prepotent  form  is  represented 
by  cx)mparatively  few  individuals,  their  propagation  without  crossing 
will  depend  on  their  being  self-fertile  and  subject  to  germinal  or  floral 
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segregation,  or  on  their  being  brought  together  by  some  or  other  form 
of  positive  segregation. 

When  a  considerable  number  of  species  of  plants  are  commingled 
and  are  flowering  at  the  same  time,  their  separate  propagation  is  pre- 
served, in  no  small  degree,  by  the  pre-potential  segregation  of  those 
that  are  most  nearly  allied,  and  by  the  complete  i)otential  segregation 
of  those  that  belong  to  difterent  families,  orders,  and  classes.  The 
same  principle  must  come  in  to  prevent  the  crossing  of  difterent  spe- 
cies, genera,  families,  and  orders  of  animals  whose  fertilizing  elements 
are  distributed  in  the  water.  We  must  therefore  consider  it  a  form  of 
positive  as  well  as  negative  segregation ;  for  the  free  distribution  of  the 
fertilizing  element,  with  the  superior  affinity  of  the  two  sexual  elements 
when  produced  by  those  that  are  mutually  pre-iK)tential,  secures  the 
inter-breeding  of  those  that  are  mutually  lire-potential.  ' 

Impregnational  segregation  generally  exists  between  the  different 
species  of  the  same  genus,  almost  always  between  species  of  different 
genera,  and  always  between  species  of  different  families,  orders,  classes, 
and  all  groups  of  higher  grade.  And  in  all  these  cases  it  is  associat^l 
with  other  forms  of  segregation,  and  whenever  it  has  once  become 
complete,  it  has  never  been  known  to  give  way.  Though  complete 
mutual  sterility  never  gives  place  to  complete  mutual  fertility,  in  every 
case  where  the  descendants  of  the  same  stock  have  developed  into  dif- 
ferent classes  or  orders,  and  in  most  cases  where  they  have  developed 
into  different  families  of  genera,  the  reverse  process  has  taken  place, 
and  complete  mutual  fertility  has  given  place  to  complete  mutual  ster- 
ility. 

Under  impregnational  segregation  1  distinguish  live  principles, 
namely,  segregate  size,  segregate  structure,  potential  and  pre-potential 
segregation,  segregate  fecundity,  and  segregate  vigor. 

14.  Segregate  nize  is  caused  by  incomp.atibility  in  size  or  dimensions. 
As  familiar  illustrations  of  this  form  of  segregation,  I  may  mention 

the  following:  The  largest  and  smallest  varieties  of  the  ass  may  run  in 
the  same  pasture  without  any  chance  of  crossing.  I  have  also  kept 
Japanese  bantam  fowls  in  the  same  yard  with  other  breeds  without  any 
crossing.  In  many  other  species  individuals  of  extreme  divergence  in 
size  are  incapable  of  inter-breeding. 

15.  Segregate  structure  is  caused  by  the  lack  of  correlation  in  the  pro- 
portionate size  of  different  organs  and  by  other  incompatibilities  of 
structure. 

Darwin  suggests  that  the  impossibility  of  a  cross  between  certain 
species  may  be  due  to  a  lack  of  correspondence  in  length  of  the  i)ollen 
tubes  and  i)istils.  Such  a  lack  of  harmony  would  perhaps  account  for 
difference  of  fertility  in  reciprocal  crosses. 

Segregate  structure  does  not  usually  arise  till  other  forms  ot  segre- 
gation have  become  so  well  estabHshed  that  difference  of  structure  does 
not  make  any  essential  difference  in  the  amount  of  inter-generation. 
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It  is  not  however  impossible  that  species  that  would  otherwise  be  fer- 
tile inter  sc  are  thus  held  apart.  In  Broca's  work  on  "  Human  Hybrid- 
ity  ^*  there  is  a  passage  quoted  from  Prof.  Serres,  showing  that  it  is 
very  possible  that  this  form  of  incom])atibility  may  exist  between  cer- 
tain races  of  man. 

16.  Potential  segregation  and  pre-potential  segregation. — These  are 
caused  by  more  or  less  free  distribution  of  the  fertilizing  element, 
tx)gether  with  the  greater  rapidity  and  power  with  which  the  sexual 
elements  of  the  same  species,  race,  or  individual  combine,  as  contrasted 
with  the  rapidity  and  power  with  which  the  elements  of  different  spe- 
cies, races,  or  individuals  combine.  Totential  segregation  is  caused 
by  the  mutual  impotence  of  the  contrasted  forms,  as  is  always  the 
case  between  different  orders  and  classes,  and  pre-potential  segregation 
is  caused  by  the  superior  influence  of  the  fertilizing  element  from  the 
same  species,  race,  or  individual,  as  contrasted  with  that  from  any 
other  species,  race,  or  individual,  when  both  are  applied  to  the  same 
female  at  the  same  time,  or  sometimes  when  the  prepotent  element  is 
applied  many  hours  after  the -other.  -  - 

For  the  operation  of  this  principal  the  fertilizing  element  from  differ- 
ent males  must  be  brought  to  the  same  female. 

When  pollen  from  a  contrasted  genus,  order,  or  class  has  no  more 
effect  than  inorganic  dust,  it  seems  appropriate  that  we  should  call  the 
result  potential  segregation  rather  than  pre-potential  segregation,  which 
implies  that  the  foreign  as  well  as  the  home  pollen  is  capable  of  produc- 
ing impregnation.  Pre-potential  segregation  may  be  considered  the 
initial  form  of  potential  segregation,  the  former  passing  through 
innumerable  grades  of  intensity  in  the  latter.  We  may  therefore  con- 
sider the  principles  as  fundamentally  one,  though  it  will  be  convenient 
to  retain  both  names. 

The  importance  of  this  principle  in  producing  and  preserving  the 
diversities  of  the  vegetable  kingdom  can  hardly  be  overstated.  If 
pollen  of  every  kind  were  equally  potent  on  every  stigma  what  would 
the  result  be!  What  distinctions  woul4  remain!  And  if  potential 
segregation  is  necessary  for  the  preservation  of  distinctions,  is  it  not 
equally  necessary  for  their  production!  Amongst  water  animals  that 
do  not  pair  the  same  principle  of  segregation  is  probably  of  equal  im- 
portance. Concerning  this  form  of  segregation  many  questions  of  great 
interest  suggest  themselves,  answers  to  which  are  not  found  in  any 
investigations  with  which  I  am  acquainted.  Some  of  these  questions 
are  as  follows: 

(1)  Are  there  many  cases  of  pre-potential  as  well  as  of  |K>tential  seg- 
regation between  different  forms  of  water  animals! 

(2)  Is  pre-potential  segregation  always  accompanied  by  segregate 
fecundity  and  segregate  vigor! 


*  English  translation  pnbliKhed  by  llio  Ant4iro])ological  Society  of  London,  i».  28. 
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(3)  If  not  always  associated,  which  of  the  three  principles  first 
appears,  and  what  are  their  relations  to  each  other! 

(4)  When  allied  organisms  are  separated  by  complete  environal  seg- 
regation are  they  less  liable  to  be  separated  by  these  three  principles! 

Darwin  has  in  several  places  referred  to  the  influence  of  prepotency 
in  pollen,  and  in  two  places  I  have  found  reference  to  the  form  of  pre- 
potency that  produces  segregation ;  but  I  find  no  intimation  that  he 
regarded  this  or  any  other  form  of  segregation  as  a  cause  of  divergent 
evolution,  or  as  a  necessary  condition  for  the  operation  of  causes  pro- 
ducing divergent  evolution.  The  effect  of  pre-potency  in  pollen  from 
another  plant  in  preventing  self-fertilization  is  considered  in  the  tenth 
chapter  of  his  work  on  "  Cross  and  self  fertilization  in  the  vegetable 
kingdom,"  pp.  391-400.  Some  very  remarkable  observations  concern- 
ing the  pre-potency  of  pollen  from  another  variety  from  that  in  which 
the  stigma  grows,  are  recorded  in  the  same  chapter;  but  no  reference  is 
there  made  to  the  effect  that  must  be  produced  when  the  pollen  of  each 
variety  is  pre-potent  on  the  stigma  of  the  same  variety.  In  the  six- 
teenth chapter  of  "  Variation  under  Domestication  ^  it  is  suggested 
that  pre-potency  of  this  kind  might  be  a  cause  of  different  varieties  of 
double  hollyhock  reproducing  themselves  truly  when  growing  in  one 
bed;  though  there  was  another  cause  to  which  the  freedom  from  cross- 
ing in  this  case  had  been  attributed.  Again,  in  chapter  viii  of  the 
fifth  edition*  of  the  "The  origin  of  species,"  in  the  section  on  '*The 
origin  and  causes  of  sterility,"  Darwin,  while  maintaining  that  the 
mutual  sterility  of  species  is  not  due  to  natural  selection,  refers  to  pre- 
potency of  the  kind  we  are  now  considering  as  a  quality  which,  occur- 
ring in  ever  so  slight  a  degree,  would  prevent  deterioration  of  charac- 
ter, and  which  would  therefore  be  an  advantage  to  a  species  in  the 
process  of  formation,  and  accordingly  subject  to  accumulation  through 
natural  selection.  In  order  to  construct  a  possible  theory  for  the  intro- 
duction of  sterility  between  allied  species  by  means  of  natural  selec- 
tion, he  finds  it  necessary  simply  to  add  the  supposition  that  sterility 
is  directly  caused  by  this  prepotency.  He  however  for  several  reasons 
concludes  that  there  is  no  such  dependence  of  mutual  sterility  on  the 
process  of  natural  selection.  Concerning  the  prepotency  he  makes  no 
reservation,  and  I  aexjordingly  judge  that  he  continued  to  regard  it  as 
strengthened  and  developed  through  the  action  of  natural  selection. 

It  is  concerning  this  last  point  that  I  wish  to  give  reasons  for  a  dif- 
ferent opinion.  I  believe  that  qualities  simply  producing  segregation 
can  never  be  accumulated  by  natural  selection,  for — 

(1)  When  separate  generation  comes  in  between  two  sections  of  a 
species  they  cease  to^e  one  aggregate,  subject  to  modification  through 
the  elimination  of  certain  parts.  Both  will  be  subject  to  similar  forms 
of  natural  selection  only  so  long  as  the  circumstances  of  both  and  the 


*  Siuce  my  comments  on  this  passage  were  written,  1  Lav©  discovered  that  Darwin 
has  omitted  it  from  the  sixth  edition. 
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variations  of  both  are  nearly  the  same,  but  they  will  no  longer  be  .the 
members  of  one  body  between  which  the  selecting  process  is  carried 
out.  On  the  ex)ntrary,  if  they  occuj)y  the  same  district  each  group 
will  stand  in  the  relation  of  environment  to  the  other,  modifying  it 
and  being  modified  by  it,  without  mutually  sharing  in  the  same  modi- 
fication. 

(2)  Though  one  may  exterminate  the  other,  the  change  that  comes 
to  the  successful  group  through  the  contest  is  not  due  to  its  superiority 
over  the  other,  but  to  the  superiority  of  some  of  its  own  members  over 
others. 

(3)  When  any  segregate  form  begins  to  arise  we  can  not  attribute  its 
success  to  the  advantage  of  se- generation,  for  the  inter-generating  forms 
are  at  the  same  time  equally  successful;  wherefore  it  is  not  the  success? 
but  the  separateness  of  the  success,  that  is  due  to  the  se-generation. 

(4)  The  continuance  of  the  descendants  of  a  group  in  a  special  form 
will  depend  on  its  segregation,  but  this  is  a  very  different  thing  from 
the  special  success  of  its  descendants.  The  preservation  of  a  special 
Jcind  of  adaptation  is  never  due  to  natural  selection,  which  is  the  supe- 
rior success  of  the  higher  degrees  of  adaptation  of  every  jLind. 

(5)  The  power  of  migration,  or  any  other  power  directly  related  to 
the  environment,  may  be  accumulated  by  natural  selection,  and  after- 
ward lead  to  segregation,  but,  according  to  my  method  of  judging,  thO' 
continuous  advantage  of  segregation  over  integration  can  never  be 
shown,  for  both  are  equally  essential  in  the  economy  of  nature;  and 
though  one  process  may  at  one  time  predominate  over  the  other,  the 
comparative  advantage  of  segregation,  if  there  be  such  advantage,  can 
not  be  the  cause  of  the  preservation  of  forms  endowed  with  segregative 
qualities,  for  they  will  certainly  be  preserved  as  long  as  they  are  able 
to  win  a  bare  existence,  which  is  often  a  lower  grade  of  success  than 
the  one  from  which  they  are  passing. 

(6)  According  to  my  view,  instead  of  the  accumulation  of  the  segre- 
gative pre-potency  depending  on  natural  selection,  the  accumulation  of 
divergent  forms  of  natural  selection  depends  on  some  form  of  segrega- 
tion. 

But  if  the  accumulation  of  pre-potential  segregation  is  not  due  to 
natural  selection,  how  shall  we  explain  it?  It  is  I  think  due  to  the 
fact  that  those  forms  that  have  the  most  of  this  character  are,  through 
its  action,  caused  to  breed  together.  We  have  already  seen,  when 
considering  seasonal  and  sexual  segregation,  that  if  segregation  is 
directly  produced  by  the  instincts  or  physiological  constitution  of  the 
organism,  there  is  a  tendency  toward  an  increasing  manifestation  of 
the  character  in  successive  generations.  Those  that  have  but  a  slight 
degree  of  segregate  prepotency  eventually  coalesce,  forming  one 
race,  while  those  possessing  the  same  character  in  a  higher  degree 
remain  more  distinct,  and  their  descendents  become  still  more  segrega- 
gate  and  still  more  permanently  divergent.    As  long  as  the  segregate 
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forms  are  able  to  maiiitain  vigor  and  secure  fair  snstentation,  the  pro- 
cess continues  and  the  separation  becomes  more  pronounced.  Of  this 
form  of  the  law  of  cumulative  segregation  we  may  say,  that  as  the 
descendants  of  the  best  fitted  necessarily  generate  with  each  other  and 
produce  those  still  better  fitted,  so  the  descendants  of  those  possessin**; 
the  most  segregative  endowments  necessarily  generate  with  each  other 
and  produce  those  that  are  still  more  segregate. 

It  may  at  first  appear  that  a  sUght  degree  of  pre-potence  will  prevent 
crossing  as  effectually  as  a  higher  degree;  but  faither  reflection  will 
show  that  the  eflBciency  of  the  prevention  will  vary  in  direct  propor- 
tion with  the  length  of  time  over  which  the  pre-potent  pollen  is  able  to 
show  its  pre-potence,  and  this  will  allow  of  innumerable  grades.  If,  in 
the  case  of  certain  individuals,  the  prepotency  is  measured  by  about 
twenty  minutes,  while  with  other  individuals  it  enables  the  pollen  of 
the  same  variety  to  prevail,  though  reaching  the  stigma  an  hour  after 
the  iH)llen  of  another  variety  has  been  applied,  the  difference  in  the 
degree  of  segregation  will  be  suflficient  to  make  the  persistence  of  the 
latter  much  more  probable  than  that  of  the  former.  This  form  of 
segregation  is  evidently  one  of  the  important  causes  preventing  the 
free  crossing  of  different  species  of  plants.  It  probably  has  but  little 
influence  on  terrestrial  animals,  but  how  far  it  is  the  cause  of  segrega- 
tion among  aquatic  animals  is  a  question  of  no  small  interest,  concern- 
ing which  I  have  but  small  means  for  judging.  I  have  however  no 
hesitation  in  predicting  that,  unless  we  make  the  presence  of  this 
segregative  quality  the  occasion  for  insisting  that  the  forms  so  affected 
belong  to  different  species,  we  shall  find  that  amongst  plants  the  vari- 
eties of  the  same  species  are  often  more  or  less  separated  from  each 
other  in  this  way.  I  do  not  know  of  any  experiments  that  have  been 
directed  toward  the  determining  of  this  point,  but  on  the  general  prin- 
ciple that  physiological  evolution  is  not  usually  abrupt,  and  that  race 
distinctions  are  the  initial  forms  under  which  specific  differences  present 
themselves,  I  can  have  no  doubt  that  feeble  pre-potence  precedes  that 
which  is  more  pronounced,  and  that  part  of  this  divergence  in  many 
cases  takes  place,  while  the  divergent  branches  may  be  properly  classed 
as  varieties.  Another  reason  for  believing  that  pre-potential  segrega- 
tion will  be  found  on  further  investigation  to  exist  in  some  cases 
between  varieties,  is  the  constancy  with  which,  in  the  case  of  species, 
this  chai*acter  is  associated  with  segregate  fecundity  and  segregate 
vigor,  which  we  know  are  sometimes  characteristics  of  varieties  in  their 
relation  to  each  other.  The  importance  of  these  latter  principles  when 
occurring  in  connection  with  different  forms  of  partial  segregation  will 
now  be  considered. 

17,18.  Segregate  fecundity  and  segregate  vigor. — By  segregate  fecun- 
dity I  mean  neither  segregation  produced  by  fecundity  nor  fecundity 
produced  by  segregation,  but  the  relation  in  which  si>ecies  or  varieties 
stand  to  each  other  when  the  inter-generation  of  members   of  the 
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same  species  or  variety  results  in  higher  fertility  than  the  crossing  of 
dift'erent  species  or  varieties.  In  like  manner  segregate  vigor  is  the 
relation  in  which  species  or  varieties  stand  to  each  other  when  the  in- 
ter-generation of  members  of  the  same  8i>ecie8  or  variety  produces  off- 
spring more  vigorous  than  those  produced  by  crossing  with  other  species 
or  varieties.  Integi^ate  fecundity  and  integrate*  vigor  are  the  terms 
by  which  I  indicate  the  relation  to  each  other  of  forms  in  which  the 
highest  fertility  and  vigor  are  produce<l  by  crossing,  and  not  by  inde- 
pendent generation. 

Before  discussing  these  principles  through  which  the  influence  of 
segregation  is  greatly  increased,  it  will  be  an  advantage  if  we  can  gain 
some  idea  of  the  nature  of  cumulative  fertility  in  its  relation^  to  a  law 
of  still  wider  import.  1  refer  to  the  fourfold  law  of  antagonistic  in- 
crease and  mutual  limitation  between  (1)  integration,  (2)  segregation, 
(3)  adaptation,  (4)  multipliciition — in  other  words,  between  (1)  general 
invigoration  and  power  of  variation  tlirough  crossing,  (2)  the  opening 
of  new  opportunities  and  independent  possibilities,  (3)  special  adapta- 
tion to  i)resent  circaimstances,  (4)  powers  of  multiplied  individualiza- 
tion. Darwin  has  considered  at  length  the  first  and  third,  though  I  do 
not  remember  that  he  has  anywhere  imintod  out  that  their  development 
is  due  to  a  kind  of  self-augmentation.  I  believe  this  is  so  emphatically 
the  case  that  the  former  might  well  be  called  the  law  of  self-cumulative 
vigor,  and  the  latter  the  law  of  self-cumulative  adaptation.  Corre- 
sponding to  these  two  laws,  I  find  the  additional  laws  of  self-cumulative 
segregation  and  self-cumulative  fertility.  Darwin's  theory,  that  diver- 
sity of  natural  selection  is  directly  and  necessarily  dependent  on  ex- 
lK)Sure  to  different  external  conditions  tends  to  obscure,  though  not  to 
deny,  the  fact  that  the  breeding  together  of  the  better  adapted,  which 
causes  the  increase  of  adaptation,  is  due  to  the  different  degrees  of  en- 
dowment in  the  organism,  rather  than  to  diversity  in  the  environment. 
It  is  also  true  of  segregative  endowment  and  of  fertility  that  they  are 
necessarily  cumulative  whenever  they  belong  in  different  degrees  to 
members  of  the  same  intergenerant  that  are  equally  fitted.  The  cum- 
ulation of  vigor,  as  that  of  adaptation,  is  I  think  rightly  classed  as  a 
form  of  selection;  for  in  both  cases  it  depends  on  the  power  of  the 
more  highly  endowed  to  supplant  the  less  endowed  without  allowing 
them  full  opportunity  to  propagate ;  but  the  increase  of  segregative 
endowments  and  of  fertility  is  due  to  principles  quite  different  from 
this,  and  differing  from  each  other.  The  segregative  endowments  aug- 
ment through  the  inherent  tendency  of  the  more  highly  endowed  t^) 
breed  more  exclusively  with  those  of  the  same  form,  and  therefore  in 
the  long  run  to  bree<l  more  exclusively  with  each  other;  while  the  fer- 
tility of  the  more  fertile  neither  drives  out  the  less  fertile  nor  holds 
the  two  classes  apart,  but  simply  multiplies  the  offspring  of  the  more 
fertile,  making  it  sure  that  in  each  generation  they  will  predominate. 

But  all  these  forms  of  augmentation  correspond,  in  that  they  secure 
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the  breeding  together  of  those  possessing  higher  degrees  of  the  special 
endowment,  and  so  increase  the  average  endowment,  either  of  the 
wliole  number  of  the  offspring  or  of  the  segregated  portion.  Vigor 
increases  through  the  breeding  together  of  the  more  vigorous,  resulting 
from  their  overcoming  and  crowding  out  the  less  vigorous  without 
allowing  them  full  opportunity  to  propagate.  Adaptation  increases 
through  the  breeding  together  of  the  better  adapted,  resulting  from 
their  supplanting  their  rivals  without  allowing  them  full  oppor- 
tunity to  propagate.  Segregative  endowments  increase  through  the 
breeding  together  of  the  more  highly  endowed,  resulting  from  the  fact 
that  as  long  as  segregation  is  incomplete  more  than  half  of  each  gen- 
eration of  pure  descent  are  necessarily  the  offspring  of  parents  whose 
segregative  endowments  were  above  the  average.  Fertility  increases 
through  the  breeding  together  of  the  more  fertile,  resulting  from  the 
fact  that  more  than  half  of  each  generation  are  the  offspring  of  parents 
of  more  than  average  fertility.  As  the  breeding  together  of  the  more 
vigorous  and  the  better  adapted,  caused  by  their  superior  success, 
tends  to  increase  and  intensify  the  vigor  and  adaptation  of  successive 
generations,  so  the  breeding  together  of  those  more  highly  endowed 
with  segregative  powers,  caused  by  the  segregation,  tends  to  strengthen 
and  intensify  the  segregative  powers  in  successive  generations;  and  so 
the  breeding  together  of  the  more  fertile,  caused  by  the  larger  propor- 
tion of  offspring  produced  by  the  more  fertile,  tends  to  increase  the 
fertility  of  successive  generations.  Among  those  that  would  be  equally 
productive  if  equally  nourished,  the  ratio  of  propagation  varies  directly 
as  the  degree  of  sustentation  above  a  certain  minimum  (and  perhaps 
below  a  certain  maximum),  and  therefore  directly  as  the  degree  of 
adaptation  that  secures  this  sustentation.  This  propagation  according 
to  degrees  of  adaptation  to  the  environment  is  what  I  understand  hy  natural 
selection.  But  among  those  that  are  equally  adapted  to  the  environ- 
ment the  ratio  of  propagation  varies  directly  as  the  ratio  of  fertility. 
This  propagation  according  to  degrees  of  fertility  is  what  I  call  the  laic 
of  cumulative  fertility.  It  is  not  due  to  different  degrees  of  success,  or 
to  any  advantage  which  the  individuals  of  one  form  have  over  those  of 
other  forms;  but  simply  to  the  higher  ratio  of  multiplication  in  the 
more  fertile  forms  securing  the  inter-generation  of  the  more  fertile.  In 
connection  with  natural  selection  it  insures ^  in  the  descendants^  the  predomi- 
nance of  the  better  adapted  of  the  more  fertile  and  the  more  fertile  of  the 
better  adapted. 

At  the  close  of  the  previous  chapter  I  called  attention  to  the  fact 
that  innumerable  local  segregations  and  other  imperfect  forms  of 
se-generation  are  being  constantly  broken  down,  partly  by  the  increase 
of  numbers  and  partly  by  the  superior  fertility  and  vigor  of  offspring 
produced  by  crossing.  It  seems  to  be  a  iundamental  law  that  vigor 
and  variation  in  the  offspring  depend  on  some  degree  of  diversity  of 
constitution  in  the  parents,  and  diversity  of  constitution  that  is  not 
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entirely  fluctuating  depeudn  ou  some  degree  of  positive  segregation; 
therefore  vigor  and  variation  depend  on  the  breaking  down  of  incipient 
segregations,  and  on  the  interfusion  of  the  slightly  divergent  forms 
that  had  been  partially  segregated.  But  in  the  history  of  every  race 
that  is  winning  success  by  its  vigor  and  variation  there  is  liable  to 
come  a  time  when  some  variety,  inheriting  sufficient  vigor  to  sustain 
itself,  even  if  limited  to  the  benefits  of  crossing  with  the  individuals  of 
the  same  variety,  becomes  partially  segregated.  As  we  have  alre^y 
seen,  segregation,  in  so  far  as  it  depends  on  the  qualities  of  the  organ- 
ism, tends  ever  to  become  more  and  more  intense;  but,  in  the  very 
nature  of  things,  not  only  will  the  segregation  be  for  many  generations 
only  partial,  but  partial  segregation,  though  it  may  greatly  delay  the 
submerging  of  different  groups  in  one  common  group,  will  never  pre- 
vent that  result  being  finally  reached.  Though  the  siphon  that  con- 
nects two  tanks  of  water  be  ever  so  small,  the  water  will  in  time  find  a 
common  level  in  both  tanks,  unless  there  are  additions  or  subtractions 
of  water  that  prevent  such  a  result.  So,  in  the  case  under  considera- 
tion, final  fusion  will  take  place,  unless  differentiation  progresses  more 
rapidly  than  the  fusion,  or  some  other  influence  comes  in  to  counteract 
the  levelling  influence  of  occasional  crosses.  If,  under  such  conditions, 
some  branch  of  the  partially  segregated  variety  becomes  more  fertile 
when  generating  with  members  of  the  same  variety,  and  less  fertile 
when  generating  with  other  varieties,  a  principle  will  be  introduced 
tending  to  strengthen  any  form  of  partial  segregation  that  already 
exists  between  the  varieties.  This  principle  when  co-operating  with 
partial  segregation  will  produce  pure  masses  of  each  variety,  when, 
without  the  action  of  this  principle,  all  distinctions  would  be  absorbed 
by  the  crossing.  We  know  that  a  transition  from  integrate  fecundity 
to  segregate  fecundity  usually  takes  place  at  a  x)oint  in  the  history  of 
evolution  intermediate  between  the  formation  of  an  incipient  variety 
and  a  strongly-marked  species;  and  though  the  causes  that  produce 
this  transition  may  be  very  difficult  to  trace,  I  believe  the  results  that 
must  follow  can  be  x)ointed  out  with  considerable  clearness  and  cer- 
tainty. 

Darwin's  investigations  have  shown  that  in  many  cases,  if  not  in  the 
majority,  the  relation  of  varieties  to  each  other  is  that  which  I  have 
called  integrate  fecundity  and  integrate  vigor;  that  is,  the  highest 
fertility  is  attained  when  varieties  are  crossed,  and  the  vigor  of  off- 
spring thus  produced  is  greater  than  when  the  inter-generation  is  within 
the  limits  of  one  variety.  He,  however,  gives  in  "Variation  under 
domestication,''  chapter  xvi,  some  8i)ecial  cases,  in  which  "varieties 
of  the  same  species  behave,  when  crossed,  like  closely  allied  but  distinct 
species;"  and  remarks  that  similar  eases  "may  not  be  of  very  rare  oc- 
currence, for  the  subject  has  not  been  attended  to."  The  same  eases 
are  also  mentioned  in  all  the  editions  of  the  "Origin  of  Si)ecie8."* 
*  See  Ist  edition,  p.  238;  5th  edition,  p.  259;  6th  edition,  p.  258. 
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The  problems  that  arise  in  considering  the  different  results  produced 
by  different  degrees  of  i)ositive  segregation  and  segregrate  fecundity 
are  of  a  nature  suitable  for  mathematical  treatment.  Before,  however, 
computing  the  effects  of  segregate  fecundity  when  co-operating  with 
positive  segregation,  it  will  be  in  place  to  show  that  it  is  of  itself  only 
a  negative  form  of  segregation,  having  no  power  to  insure  the  propaga- 
tion of  the  varieties  thus  characterized,  though  they  are  fully  adapted 
to  the  environment.  This  is  most  easily  brought  to  light  by  consider- 
ing the  effect  of  a  high  degree  of  this  quality  when  positive  segregation 
is  entirely  wanting,  or  when  it  is  suflBcient  to  give  simply  a  chance  of 
segregate  breeding  by  bringing  each  individual  near  to  its  natural  mate. 
For  example,  let  us  suppose,  first,  that  a  male  and  a  female  each  of 
several  allied  but  mutually  sterile  species  are  brought  together  on  one 
small  island,  all  other  tendencies  to  positive  segregation  being  removed, 
while  mutual  sterilty  still  remains;  second,  that  a  male  and  female  when 
once  mated  remain  together  for  the  breeding  season ;  and  third,  that  all 
find  mates.  Now,  if  we  have  seven  species,  each  represented  by  one 
intlividual  of  each  sex,  what  is  the  probability  that  all  the  spexjies  will 
be  propagated  ?  And  what  the  probability  for  the  propagation  of  none, 
or  of  but  one,  or  of  but  two,  or  of  but  three  of  the  si>et^ies  I  The  answers, 
as  I  have  computt^d  them,  are  as  follows :  The  probability  that  none 
will  be  propagated  is  Hfi;  that  one  species  will  be  is  i%^-;  that  two 
^^pecies  -^^^;  that  three  species  5^/0 ;  ^^^^^  ^f>»r  species  tJ?o;  that  five 
species  -^^^ ;  that  seven  species  ooHo-  These  numerators  are  found  in 
the  seventh  line  of  a  table  that  I  call  the  Permutational  Triangle.  If 
we  have  ten  species,  the  probability  that  in  any  one  trial  no  species 
will  match  truly  and  be  propagated  is  ifflf  U  5  that  one  species  will 
match  truly  and  propagate  is  Itf  8«oo;  that  ten  will  is  a^jiBoff'  This 
means  that  if  3,628,800  trials  are  made,  one  of  them  will  probably  be  a 
case  in  which  each  male  pairs  with  the  female  of  the  same  species,  while 
1,334,961  will  be  cases  in  which  none  are  so  matched,  and  1,334,960  wi'l 
be  cases  in  which  one  jiair  is  so  matched.  It  therefore  appears  that 
more  than  eight-elevenths  of  the  probabilities  are  against  the  continu- 
ance of  more  than  one  of  the  ten  species. 

There  will  perhaps  be  some  hesitation  in  receiving  these  figures  before 
I  have  given  the  method  by  which  the  results  have  been  reached;  but 
the  necessary  length  of  this  paper,  even  when  restricted  to  the  briefest 
discussion  of  generiil  principles,  induces  me  to  reserve  my  computa- 
tions for  another  occasion.  It  is  not  however  necessary  to  have  a 
comx)lete  solution  of  this  problem,  in  order  to  rejich  the  conclusion  that 
the  origin  of  separate  races  and  species  depends  not  only  upon  their 
adaptatiim  to  the  environment  and  their  mutual  sterility  when  crossing 
with  each  other,  but  also  upon  their  positive  segregation.  We  can 
further  see  (when  c»onsidering  an  extreme  case,  like  either  of  the  above 
supi)osed  cases)  that  segregate  fecundity,  without  the  aid  of  iM>sitive 
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segregation,  must  lead  to  extinction.  We  have  already  seen  that  par- 
tial segregation  can  not  by  itself  prevent  the  fusion  of  species.  It 
therefore  follows  that  in  order  to  accouut  for  the  continuance  of  diverg- 
ent races  we  must  sujipose  either  that  the  segregation  is  complete  or 
that  the  divergent  evolution  is  strong  enough  to  more  than  counter- 
balance the  influence  of  the  occasional  crossing,  or  that  the  partial  seg- 
regation is  aided  by  segregate  fecundity  or  segregate  vigor. 

Between  the  members  of  species  belonging  to  different  orders  we  find 
not  only  complete  segregation,  but  complete  sterility  when  attempts  at 
crossing  are  made;  but  hope  of  gaining  an  explanation  of  how  these 
characteristics  have  arisen  is  found,  not  in  the  study  of  those  cases  in 
which  the  process  has  been  completed,  but  in  the  study  of  the  relations 
to  each  other  of  species  and  varieties  that  are  characterized  by  partial 
segregation  and  mutual  sterility,  that  is  not  complete.  Here  again 
mathematical  analysis  will  help  us  in  understanding  the  subject. 
Though  I  have  not  succeeded  in  constructing  a  complete  mathematical 
representation  of  all  the  grades  of  intermingling  that  will  take  place,  I 
have  found  a  general  formula  that  gives  a  close  approximation  to  the 
proportion  in  which  two  species  will  breed  pure  as  contrasted  with  the 
proportion  of  first  crosses  and  their  descendants  that  will  be  produced, 
in  any  case  in  which  the  degree  of  segregation  and  the  ratios  of  fertility 
for  the  pure  and  cross  breeds  are  known.  As  my  object  is  simply  to 
show  under  what  conditions  the  pure  ra<*eswill  continue  without  being 
swamped  by  crossing,  it  is  not  necessary  that  I  should  follow  the  action 
and  reaction  betw^een  the  three-quarter  breeds.  I  wish  however  to 
call  attention  to  the  fact  that  when  the  number  of  the  pure  forms  and 
of  the  half-breeds  is  constantly  decreasing,  without  a  general  decrease 
in  the  sum  of  the  descendants,  it  is  evident  tliat  the  three-quarter  breeds 
and  their  descendants  are  increasing;  and  when  a  three-quarter  breed 
on  one  side  crosses  with  a  tliree-quarter  breed  on  the  other  side,  the 
offspring  will  usually  be  about  intermediate  between  the  two  species; 
therefore,  where  the  two  species  are  equally  numerous,  if  we  find  that 
the  pure  forms  will  disappear  through  fiision,  we  may  exi)ect  that  the 
three-quarter  breeds  will  also  disappear  through  fusion. 

In  constructing  my  formula  it  was  found  necessary  to  commence  by 
placing  in  the  Ist  generation  of  the  half-breeds  a  more  or  less  arbi- 
trary symbol;  for  the  true  symbol  in  each  case  is  the  final  one  reached 
in  the  nth  generation  when  n  is  a  very  high  number.  The  chief  inter- 
est therefore  centers  in  what  can  be  accomplished  through  the  use  of 
this  formula  for  the  wth  generation.  It  seems  to  me  to  fiirnish  a 
method  of  reaching  the  final  proportion  of  pure  breeding  that  will  be 
produced  by  any  form  of  combination  between  positive  segregation 
and  segregate  fecundity,  and  to  give  results  that  would  require  thou- 
sands of  years  of  continuous  experimenting  to  reach  in  any  other  wjiy. 


Digitized  by  VjOOQ IC 


320 


DIVERGENT   EVOLUTION   THROUGH   SEGREGATION. 


Table  I. — Arilhnwtioal  campit to/ton,  showing  the  number  of  hulf-hreeds  as  contrasted 
mth  the  pure-breeds,  wh^n  vV  of  each  variety  form  unions  among  themselves  and  double 
with  each  generation,  while  the  offspring  of  the  ^  that  form  mixed  unions  simply  equal 
the  number  of  the  parents  by  which  they  are  produoedy  in  other  words  when  0  =  1^0,  lf= 
2,m=zl  {see  Table  II). 


Variety  No.  1,  purebreeda. 

Of  what  genera- 
tion. 

Half  of  the 
half-breeds. 

Tiiree-quarter 
breeds  on 
one  side. 

Variety  No.  2, 
pure-breeds. 

1,000            =z             A 
1-8 

1,800             =              A  (1-8)              = 
1-8 

3,240             =              A(l-8)«            = 
1-8 

5,aT2             =              A(l-8)«             = 

35705r=(l-8)W  computed  by  log. 
.-.357,060           =         A(l-8)'«            = 

39, 347-272  =(1-8)" 
.'.39,347,272      —         A  (1-8)  ■           = 

Initial  number. ... 

1,000 

Ist  generation 

3rd  generation 

10th  generation  . . . 
18th  generation... 

100 

2W 

532 

35,688 
3,934,725 



1,800 

20 
72 

3,240 

5,832 

357.050 

39, 347, 272 

Explanation  of  Tadlr  I. — ^The  second  geueration  of  the  half-breeds  is  foand  by 
taking  ^^^  of  the  previous  half-breeds,  i.  e.  100  x  -flj  — 90,  and  ^  of  the  previous  pure- 
breeds  (the -[Si  that  form  mixed  unions),  minus  iV  o^  ^^^  previous  half-breeds  (because 
iV  of  the  half-breeds  consort  with  an  equal  number  of  pure-breeds,  and  so  produce 
not  half-breeds  but  three-quarter-breeds),  t.  e.  180— 10  =  170.  Adding  these  two  sums 
together  we  have  90 -f- 170=260  =  the  second  generation  of  half-breeds. 

As  in  this  table  the  computation  commences  without  any  half-breeds,  the  follow- 
ing generations  of  half-breeds  are  all  a  little  less  than  ^V  9»  large  as  the  correspond- 
ing generations  of  pure-breeds.  When,  however,  we  come  to  the  eighteenth  genera- 
tion the  difference  is  less  than  one  in  a  million,  and  we  may  consider  the  result  as 
practically  corresponding  with  the  formula  for  the  nth  generation,  given  in  Table  iii. 

The  three-quarter-breeds  are  obtained  by  multiplying  ^  of  the  previous  genera- 
tion of  half-breeds  by  2,  and  adding  to  the  result  the  sum  of  the  previous  genera- 
tions of  three-quarter-breeds.  This  of  course  gives  a  number  too  large;  for  some  of 
the  three-quarter-breeds  will  fail  to  breed  with  three-quarter-breeds.  A  closer 
expression  of  the  proportion  between  pure-breeds  and  three-quarter-breeds  is  given 
in  Tables  vii  and  viii. 
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Table  II. — Preliminarjf  Formula  for  showing  the  Proporiion  of  Half-breeds  to  Pure- 

breeds. 

Let  R  =  the  ratio  of  pure  breedings  t.  e.,  the  segregation. 

Let  0  =the  ratio  of  cross-breeding. 

Ex.  When  ft  of  the  unions  are  within  the  limits  of  the  species  and  -jV  <>f  the  unions 
are  with  an  allied  species  E  =t^o»  c  =  ^q.     U  will  always  erjual  1  -  r. 

Let  M  =  the  ratio  of  fertility  in  each  generation  for  those  that  breed  with  their 
own  kind. 

Let  fii=:the  ratio  of  fertility  in  each  generation  for  the  cross-unions  and  for  the 
hybrids  when  breeding  together. 

Let  A=the  initial  number  of  individuals  representing  the  pure  species  when  the 
computation  commences. 


Namber  of  individuals  repreaentlng  the  pure  form. 


A  =  Initial  number. 

A(RM)        =r  1st  generation 

A(RM)«       =^  2nd  generation 

A(RM)*       =3rd  generation 

A(RM)«       =4th  generation 

Substituting  (1  —e)  for  R  in  the  2nd  gen.,  we  have 
A(M— Me)*=2nd  generation. 


Number  of  individuals  represeutiug  the  half-breeds. 


Ist  generation  ::3A(;tn. 

2nd  generation  ==  (AemR + A(  RM)e —Aetnc)  X  m.* 
2nd  generation  =:  (AftnR—  Acm«)m-|- Acm(RM). 
2nd  generation  =  Acwt(R—c)w+Acm(RM). 

Substituting  in  this  (l—e)  for  R,  we  have 
2nd  generation  =  Anit(l  —  2e)m+Acm(M — Mc). 


*The  term  AemR  represents  the  number  of  half-breeds  that  form  unions  among  themselves,  the 
offspring  being  half-breeds ;  A(RM)e  represents  the  total  number  of  pure-breeds  of  the  first  generation 
that  formml  mixed  unions;  of  those  Aeinc  form  unions  with  an  equal  number  of  half-breeds,  and  their 
offspring  being  three-quarter-breeds  must  be  rc^jocted ;  the  remaiuder,  namely  A(RM)e— Aeme,  form 
anions  with  the  other  race,  and  their  offspring  are  half-breeds  of  the  second  generation. 

Table  III. — Developed  Formula  for  Segregation  and  Segregate  Fecundity  ^  giving  the  pro- 
portion of  Half- Breeds  to  Pure-breeds. 


Pure-breeds. 

A  —  Initial  number. 

A ( M  -  Mc)  =  Ist  generation . .  Ist  generation  = 
A(M-Mc)«=  2nd  generation  .  i  2nd  generation 
A(M-Mc)»=  3rd  generation.  I  3rd  generation: 


A(M-Mc)«=4th  generation . 


4th  generation 
4  th  generation 


H^Uf-brei-xlH. 


=Amc. 

-Arncd  — 2c)m  t  ActiiCM  — Mc). 

=Amc((l— 2c)m)*  hActii(M— Mc)(l— 2r)m+ 

Aem(M  — Mc)«. 
=Amc((l  -2c)mH  i  Aci/*(M— Mc)((l  — 2c)to)«+ 

Acm(M— Mc)«(l— 2r)m^Acm(M— Mc)*. 
A       /vr      w.,,/((l-2c)m)»    (0-2c)Tn)«^(l-2c)m. 

(M-Mon 
(M-Mc)»;* 


A(M-Mc)"=nthgeneration  I  «th  generation- Ar»c(M-Mc)»    >x((    )'*"+(     )+(     ) +(     )  + 


First  rule.— The  pure-breeds  of  any  generation  are  found  by  multiplying  the  pre- 
vious generation  of  pure-breeds  by  M — Mc,  and  the  half-broecls  of  any  generation  are 
found  by  multiplying  the  previous  generation  of  half-breeds  by  (1 — 2o)m  and  adding 
.th©  previous  generation  of  p»irt»-brced8  multiplied  by  on. 
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Second  rule. — The  nth  generation  of  pure-breeds  =A(M — Mc)"=A(M — Mf)*~*X 
(M — Mc) ;  and  the  «th  generation  of  half-breeds  =^Amc(M — Mc)"-*  multiplied  by  the 

sum  2  of  the  series  1+^? — r? — !-••••>  containing  as  many  terms  as  that  expressed 

31  "^  Ale 

by  the  number  of  the  generation,  i.  e.,  containing  n  terms,  of  which  the  first  is  1; 

.•     ==    2I  1-j-   vf  _^vf    -+-••••  ) ;  H  being  the  number  of  half-breeds,  and 

P  being  the  number  of  pure-bree<l8. 

Third  rule, — To  correct  this  formula,  so  that  it  shall  indicate  the  proportions  that 
will  result  when  the  relative  vigor  of  pure  and  cross  breeds  is  considered,  wo  must 
substitute  MV  f(»r  M,  and  mv  for  m;  V  being  the  proportion  of  each  generation  of 
pure  breeds  that  grow  to  maturity  and  propagate,  and  r  being  the  proportion  of 
half-breeds  that  do  the  same. 

METHOD  OF   USING  TABLE  III. 

By  supposing  n  to  be  an  iudefinitely  high  number,  and  by  giving 
different  values  to  M,  m,  and  c,  we  shall  have  the  means  of  contrasting 
the  number  of  the  pure-breeds  with  that  of  the  half-breeds,  when  the 
process  has  been  long  continued  under  different  degrees  of  positive 
segregation  and  segregate  fecundity. 

In  the  first  place,  let  us  take  a  ease  in  which  there  is  no  segregate 
fecundity,  that  is  M=7n;  and  for  convenience  in  computation  let  us 
make  M=l,  m=l.    In  every  case  where  m  is  not  larger  than  M  the 

fraction  \s^^^   is  less  than  unity,  and  the  sum  of  the  geometrical 

progression  of  our  formula  will  fall  within  the  limits  of  a  number  that 

can  be  easily  computed  by  the  well-known  formula  S=:j — —  in  which 

a  is  the  first  number  of  the  progression,  which  in  this  case  is  1,  and  q 
is  the  fraction  we  are  now  considering.     Supposing  c=-iV,  the  fraction 

will  be     ■.__'r^=f=g,  .*.  S=j_—  becomes  S=j-3;j^=g^=9.     This 

number  9  is  therefore  equal  to  the  sum  of  this  progression  and  can^ 
therefore,  be  used  as  the  value  of  the  infinite  progression  in  the  formula 
for  the  nth  generation  Avhen  n  is  a  very  high  number.  Substituting 
these  values  we  find  that  the  nth  generation  of  the  half-breeds  equals 
the  nth  generation  of  the  pure  forms,  each  being  equal  to  ^  of  A 
(M— Mc)**— ^  A  (M — Mc)"-i  is  a  vanishing  quantity,  for  M — Mc  is  less 
than  1.  Every  form  is  therefore  in  time  fused  with  other  forms.  But 
let  us  try  higher  degrees  of  segregation.  If  we  make  c=  ^^  or  ybV^tj 
we  still  find  that  half-breeds =pure-breeds,  while  the  latter  are  con- 
stantly decreasing,  which  shows  that  imperfect  positive  segregation, 
without  the  aid  of  some  quality  like  segregate  fecundity,  can  not  pre- 
vent a  species  being  finally  fused  with  other  species  as  long  as  the 
whole  number  of  each  successive  generation  does  not  increase. 

Let  us  now  consider  cases  in  which  the  Segregation  is  incomplete,  but 
Segregate  Fecundity  comes  in  to  modify  the  result.  Let  M=2,  m=l, 
^=  io«    Substituting  these  values  in  our  formula,  we  shall  find  that 
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the  sum  of  the  infinite  i>rogre88ion  is  f =i|.  And  M— Mc=|f,  which 
makes  the  half-breed8=the  pure  fonnsxcm;  and  em=^.  LetM=2, 
m=ly  c=iijfi  then  halfbreed8=pui*e  formsxTiT?.  Let  M=2,  m=l, 
c=J;  then  the  infinite  progression =1,  M— M<j=l,  and  the  pure  forms 
in  each  generation  will  equal  A,  and  the  half-breeds  Axi.  Therefore 
Half-breeds=Purebreed8  x  i- 

Let  M=3,  w=2,  c=4;  then  the  sum  of  the  infinite  progression=l, 
and  the  Half-breeds= J  x  2  x  A(]VI— Mc)n-i,  and  the  Pure-breed8=li  x  A 
(M— Mc)n-i;  therefore  Halfbreed8=Pure-breedsx§. 

Let  M=3,  w=2,  c=J;  then  Halfbreed8=Pure  breedsxf. 

Let  M=3,  w=2,  c=J;  then  Half-breeds  =xPure-breedsxf. 

LetM=3,  w=2,  <?=J-,  then  Halfbreeds=Pure-breed8x|. 

Let  M=3,  m=2,  c=iV5  then  Half-breeds=Pure-breedsx-ft:« 

Let  M=3,  m=:2,  c=^^;  then  Half-breeds=Pure-breedsXxf  i« 

Table  IV. — Simplified  Formula$  for  the  Proportions  in  which  Half-breeds  and  Three- 
quarter-breeds  stand  to  Pure-breeds  when  all  are  equally  vigorous. 

t^oin  Table  III  we  learn  that 

H        mc        /        (1— 2c)m 


P-M-Mo 


/        (l-2c)m  \ 


When  (1— 2c)m  is  less  than  M — Mc,  the  series  within  the  brackets  is  a  decreasing 
geometrical  progression,  and  we  may  obtain  the  value  of  the  whole  series  by  the 

a 
formula  S=i_^.    Applying  this  formula,  we  have 

H  _      mc  1 mc     ^         M— Mc mc 

P~M=Mo  ( l-2c)  M-Mc    M-Mo-iiH-2mc    M-mH-(2m-M)o  ..(1) 

^~M-M'c 

•'•  "=^^M^::i^+TL-M)c ^^^ 

If  m'  =  the  ratio  of  fertility  fur  the  Three-quarter-breeds,  then  according  to  the 
reasoning  given  in  Tables  VII  and  VIII, 

T_ 2m'e .  .«. 

H     M— jii'+(2»i'— M)c  ' '^  ^ 

and  J="^H <*> 

The  following  solutions,  as  well  as  those  given  in  Table  V,  are  ob- 
tained by  substituting  values  for  M,  w,  and  c  in  formula  (2) : 

When  M  =  4,  w=3,  then  if 

c  =  i,  half-breeds  &=  pore-breeds  X  f y 

c  ==  i,  half-breeds  =  pure-breeds  X  J, 

c  =  i,  half-breeds  =  pure-breeds  X  }, 

c  =  i,  half-breeds  =  pure-breeds  X  ?, 

c  =  i,  half-breeds  =  pure-breeds  x  }, 

c  =  I,  half-breeds  =  pure-breeds  X  J, 

c  =a  t,  half-breeds  =»  pure-breeds  x  -ft, 

c  =  i,  half-breeds  =  pure-breeds  X  A> 

c  =  1^0,  half-breeds  =  pure-breeds  x  -A, 

^  ■=  loxij  half-breeds  =  pure-breeds  X  tJi» 
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When  M  =  5,  w  =  4,  then  if 

c  =  ^,       half-breeds  =  pure-breeds  X  |, 
c—  ^f       half-breeds  =  pure-breeds  X  it 
c  =!  i,       half-breeds  ==  pure  breeds  x  I, 
c  =  if       half-breeds  =  pure-breeds  X  |, 
c  =  i,       half-breeds  =  pure-breeds  X  J, 
0  =  j,       half-breeds  =  pure-breeds  X  t%, 
c  =  i,       half-breeds  =  pure-breeds  x  -^  ♦ 
c  =  i,       half-breeds  =  pure-breeds  x  iV> 
c  =  I'y,      half-breeds  =  pure-breeds  X  ^, 
c  =  yixy?    half-breeds  =  pure-breeds  X  t^» 
c  =  jxhnst  half-breeds  =  pure- breeds  X  r^S' 

Table  V. 


If  <;=i  tbenHalf-breed8= 
Pnre-breedsx 

If  c  =  i,H  =  Px 

If  c  =  i,H  =  Px 

If  c  =  |,H  =  Px 

If  c==i,H  =  Px 

If  c  =  |.  H=PX 

If  c^S,H=Px 

If  c  =  t^,H  =  Px 

Ifc  =  ,J„H  =  Px. 

If  c  =  ii^oo,  H=  P+ 


When  M=rlO,  and- 


IA=9;  I  in^8;     m-=7;  j  «|.=6;  I  m=^; 


\    .V 


W=4;      m=3;      m=2;       «»=] 


IS 

A 

A 

A 

l\ 

IS 

A 

a'o 

ft 

A 

A 

(IK. 


3^1 


A 


3»0 

3« 

3'. 

.*0 

*« 

5V 

.% 

A 

l^h 

.s«  1 

kqW 

I^B      1 

A 
A 
A 

bAb 


A 
A 
A 
A 
A 
A 
A 

rU 
tA* 


A 
A 
A 
A 
A 
A 
A 
A 

wAi 


OB8EKVATIONS  ON  TABLE  V. 

This  mathematical  analysis  of  the  effects  of  positive  segregation  and 
segregate  fecundity  when  cooperating  brings  distinctly  into  view  sev- 
eral important  relations 

First.  Incomplete  forms  of  segregation,  that  avail  little  or  nothing  in 
preventing  a  form  from  being  absorbed  in  the  course  of  time,  become 
very  eflBcient  when  strengthened  by  moderate  degrees  of  mutual  steril- 
ity. Take,  for  instance,  the  line  of  the  table  in  which  e  =  x^j.  If  1  in 
every  100  unions  is  a  cross  with  some  other  form,  the  form  will  in  time 
be  overwhelmed,  unless  other  causes  come  into  counteract;  but  here 
we  see  that,  if  segregate  fecundity  occurs  in  the  ratio  of  10  to  9,  the 
pure  form  becomes  12  times  as  numerous  as  the  half-breeds;  and  if  in 
the  ratio  of  10  to  5,  it  becomes  100  times  as  numerous. 

Second.  Again,  if  we  take  the  proportional  differences  between  the 
different  terms  of  the  top  line  opposite  c  =  J,  we  shall  find  them  very 
unlike  the  differences  that  appear  in  the  bottom  line  opposite  c  =  x  oW- 
In  the  former  the  first  term  is  9  times  as  large  as  the  last;  while  in  the 
latter  the  first  term  is  more  than  80  times  as  large  as  the  last.  This 
shows  that  when  segregation  is  intense,  differences  in  the  degree  of  segre- 
gate fecundity  produce  greater  contrasts  than  the  same  differences  do 
when  the  segregation  is  slight. 
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Third.  A  similar  distinction  is  found  when  we  compare  the  right- 
hand  column  with  the  left-hand  column.  The  smallest  term  in  the  for- 
mer is  to  the  largest  term  in  the  same  column  as  1  to  899,  while  in  the 
left-hand  column  the  greatest  difference  is  as  1  to  100.  This  shows  that 
when  segregate  fecundity  is  strongly  developed,  differences  in  the  de- 
grees of  segregation  produce  greater  contrasts  than  the  same  differ- 
ences produce  when  the  segregate  fecundity  is  but  slightly  developed. 

Fourth.  Once  more  let  us  consider  the  relations  to  each  other  of 
the  four  terms  that  stand  in  the  upper  left-hand  corner  of  the  table. 
Supx)ose  that  of  some  one  variety  of  a  plant  species,  characterized  by 
pre-potential  segregation  and  segregate  fecundity,  we  have  occurring  in 
equal  numbers  four  variations  whose  relations  to  other  varieties  are 
indicated  by  the  figures  given  in  these  four  terms,  while  in  their  rela- 
tions to  each  other  they  are  completely  fertile  and  not  segregated. 
Which  variation  will  leave  the  greatest  number  of  pure  offspring;  that 
is,  the  greatest  number  of  offspring  belonging  to  the  one  variety  to 
which  the  four  variations  alike  belong?  Evidently  the  variations  rep- 
resented by  the  fraction  -^  will  have  the  greatest  influence  on  the  fol- 
lowing generation.  But  as  the  supposed  conditions  allow  of  exact 
computation,  let  us  look  at  the  problem  a  little  closer.  If  each  varia- 
tion numbers  say  a  thousand  individuals,  then  the  number  of  each  that 
will  breed  true  will  be  as  follows:  Of  the  one  represented  by— 

1%,  526  will  breed  true  and  474  will  cross, 
•ft-,  550  will  breed  true  and  450  will  cross, 
-fff,  555.5  will  breed  true  and  444.5  will  cross, 
-ft,  600     will  breed  true  and  400     will  cross. 

And  the  next  generation  of  each  kind  will  be  as  follows:  Multiplying 
the  pure  parents  by  10,  and  the  hybrid  parents  by  8  or  9,  according  to 
the  value  of  m,  we  have  those  represented  by — 

^%  pure  offspring  5260,  hybrids  4266, 
•^f,  pure  offspring  5500,  hybrids  4050, 
•fg,  pure  offspring  5555,  hybrids  3556, 
^,  pure  offspring  6000,  hybrids  3200. 

There  can  therefore  be  no  doubt  that  under  such  conditions  the  aver- 
age pre-potential  segregation  and  segregate  fecundity  of  the  next  gen- 
eration will  be  considerably  advanced,  and  so  with  each  successive 
generation  till  the  average  of  the  pure  forms  is  represented  by  the 
fraction  -j^,  and  is  surrounded  by  a  circle  of  variations,  of  which  one 
will  be  represented  by  the  fraction  -f^.  And  from  this  new  jioint  con- 
tinuous advance  will  be  made  toward  ever  higher  and  higher  grades 
of  segregation  and  segregate  fecundity;  though  of  course  the  process 
will  be  subject  to  antagonisms  and  limitations  arising  from  the  princi- 
ples of  self-accumulating  vigor  and  self-accumulating  adaptation.  Let 
it  however  be  careftdly  noted  that  we  have  in  this  process  the  mani- 
festation of  a  new  principle,  for  it  rests  not  only  on  self-accumulating 
positive  segregation,  but  on  self-accumulating  segregate  fecundity. 
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Tablk  VI. — Formula  for  Segregathn,  Segregate  Fecundity^  and  Segregate  Vigor^  giving 
the  proportion  of  Half-breeds  to  Pure-breeds  (constructed  from  Table  III,  according  to 
rule  3), 


Pure-breeds. 

Half-breeds. 

A 

Initial  nmnber. 

A(MV- 

-MVc). 

let  generation 

Amvc. 

A(MV- 

-MVc)». 

2nd  generation 

Amrcd— 2c)mi?-{- Amtw?(MV  -MVc). 

A(MV- 

-MVc)>. 

3rd  generation 

Amw((l— 2c)mr)«+A«iw(MV— MVc)(l— 2c)mr+Amac 
(MV-MVc)». 

A(MV- 

-MVc)«. 

AmiM5((l— 2<')m»)«+ AmwCMV— M  Vc)  ( ( 1— 2c)fn»)' + Atnw 
(MV-MVc)»(l-2c)mr4^Amw(MV-MVc)«. 

((l-2c)mt)      (MV-MVr)n 
(MV-MVc)+(MVi:MV^»r 

A(KV- 

-MVc)«.-i 

n— 1th  generation. 

A(MV- 

-MVc)n 

nth  generation 

/(l-2c)mt>\«     (l-2c)mt>       \ 

nth  generation  of  Purebreeds=A(MV— MVc)n-i  x 

(MV    MVci    and  therefore  ?**^*^'"^*           "**'^        V 

(M  V    MVc) ;  and  therefore  Pure-breeds-M  V-M Vc  A 

In  the  above  formula  V=vigor  of  pore-breeds  expressed  by  a  fraction  that  gives 
the  proportion  of  each  generation  that  grow  to  maturity  and  propagate;  r=the 
vigor  of  the  half-breeds  expressed  in  the  same  way. 


Tablk  VII. — Formula  for  Segregation,  Segregate  Fecundity,  and  Segregate  Vigor ^  giving 
the  proportion  of  the  Three-quarter-breeds  to  the  Pure-breeds. 

T=the  number  of  Three-quarter-breeds,  m'=ratio  of  fertility  for  the  same;  r',  a 
fraction  giving  the  proportion  of  the  Three-quarter-breeds  that  come  to  maturity. 
H^the  number  of  Half-breeds.    P==the  number  of  Pure-breeds. 

Turning  to  Table  I,  we  find  that  the  Three-quarter-breeds  of  each  generation  are 
the  offspring  of  tV  (or  c)  of  the  previous  generation  of  Half-breeds  who  consort  with 
an  equal  number  of  Pure-breeds,  plus  the  descendants  of  previous  generations  of 
Three-quarter-breeds  in  as  far  as  they  breed  with  each  other.  Commencing  our 
computation  with  the  nth  generation  we  know  from  Table  VI,  that  the  previous 

generation  of  Pure-bre6ds=A  (MV— MVc)  ~  ,  and  the  Half-breeds  of  the  same  gen- 


eration=rA(MV-BlVc)"   \?: 


H 


being  the  ratio  in  which  Half-breed  stand  to  Pure- 


breedSy  which  is  obtained  as  shown  in  Tables  IV,  V,  and  VI;  and  c  of  this  number 

n— 1     H 
will  consort  with  an  equal  number  of  Pure-breeds,  making  A(MV — MVc)        X  p  2  c 

parents  in  the  n~lth  generation,  that  will  produce  m'v'  times  that  number  of  Three- 
quarter-breed  offspring  of  the  tith  generation  that  will  grow  to  maturity.    Starting 
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with  this  number  in  the  nth  generation,  and  pursuing  the  same  method  as  was  used 
in  constructing  Table  III,  we  obtain  the  following  series : 

Th  r©e-q  un  rter-breedn— 

"-1H 
nth  generation  —AiJdV—MYc)       p2e  m'v'. 

(nfl)th  generation— A(MV—MVc)       p  24S  m't>'X(l— 2c)fnV  f  A(MV— MVr)   p2cm'r'. 

(n  f2)th  generation  =^ A (MV—MVc)"     p2«  m'v'(^{\—'lc)m'v'y  f  A(MV-MVc)" j^m'»'>^ 

U 1— 2c)m'e'J+  A(MV--MVc)        p2cm'p'. 

(n+»)th  generation  =  A(MV-MVc)**~*f  2c  m't)'(MV-M Vc)"  ((m^^jT vO""^* '  *  ^ 

In  the  (n+n)th  generaUon,  P=A(MV-MVc)"   "  ;  and  thoroforo^_    P^  '"'"^  y 

*     MV— MV<-'^ 

{^^c^^<  y<  X  n 

Table  VIII. — Simplified  formuluSf  giciitg  the  proportions  in  which  Half-hreeds  and 
Thret-qnarter-hreedB  stand  to  Pure-breeds  when  ire  hare  both  Segregate  Fecundity  and 
Segregate  Vigoi: 

From  Table  VI  we  learn  that 

H^^     wirr  /.,  (1  — 2c)mr  \ 

P      MV-MVc     V    "^MV  — MVc+  '  '  '    )' 

When  the  numerator,  (1 — 2c)mr,  is  less  than  the  denominator,  MV — MVc,  the  sum 
of  the  whole  series  within  the  brackets  may  be  obtained  in  accordance  with  the 

formula  8  =    in  which  S  :=  the  sum  of  tbe  series,  a  =  the  first  term,  and  q  ==  the 

constant  multiplier. 

.  H mrc  1 

•  •  p  —  M V  —  UVi^  "    (1  —  2<')*»»' 
1— MV— MVc 

mrc  ^  MV  — MVc  _  mrc 

— MV  — MV^^MV  — MVc^^wT-(-2mrc~MV  — mr+(2wr  — MV)c*    *     *     W 
Applying  the  same  method  to  the  formula  in  Table  VII,  we  find  that 

T_H  m'v'c 

V      P  ^"^^MV  — m'r'-f  (2m'r  —  MV)c. 

,  T_H 2»iVc__ 

•  *  P""  P^STV  — m'r'4-(2mV'--SlV)c' (2) 

and 

T  2m'r'c 

H^MV^»iV-f(2w'r'-^^Y)c (3) 

If  M=10,  w=5,  m'=5,  V=i,  r—io,  <?'=Va.  c=i^o, 
xi,^- H  Toff  TiiiT  tBit — 4fto — -.y— JL. 

and  (as  wi=m',  and  r  =  r') 

jl=2j=2^=i;  andJ=JxH=i^Xi=,V. 
If  M=10,  m=10,  m'=10,  V=J,  r=^,  r'=Jj,  c=^, 
then^— ^ = ^^I J  . 

P"V-*8H-(I8-V)^    W-i8+^-i8=^''' 
and  -j=T^r=A;  and  ^—^y^^^^. 
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Id  thiH  latter  ra8e,  where  the  Vigor  of  Hybrids  is  -^  that  of  Pure-breeds,  while 
their  Fecundity  is  equal  to  that  of  Pure-breeds,  we  find  — =g^,  which  is  the  same 

result  as  that  given  in  the  eighth  line  of  the  last  column  of  Table  V,  where  the 
Fecundity  of  cross  unions  and  of  Hybrids  is  V*f  *^»t  of  Pure-breeds,  while  their 
Vigor  is  equal. 

THK   INFM'KNrE   OF   8EGREGATR   VIGOR. 

I  think  we  may  say  we  have  here  come  in  sight  of  one  form  of  the 
still  wider  fourfold  law  already  mentioned ;  for  on  the  same  principle 
that  sepn^egate  fecundity  increases  when  once  allied  with  partial  segre- 
gation in  vigorous  forms,  segregate  vigor  must  also  tend  to  increase 
when  brought  into  the  same  alliance;  and  I  believe  it  will  be  found 
that  there  is  a  similar  principle  tending  to  the  self-accumulation  of 
segregate  adaptation. 

At  the  point  where  they  both  arise,  that  is  during  the  i)eriod  that 
immediately  follows  the  act  of  impregnation,  it  is  difficult  to  distinguish 
between  the  two  principles,  and  the  mortality  of  the  hybrid  embryo 
before  birth,  or  before  it  leaves  the  egg^  may  be  conveniently  classed 
as  segregate  fecundity.* 

Though  the  two  principles  are  so  closely  related,  it  would  be  a  great 
mistake  not  to  distinguish  them ;  for  there  is  no  close  correspondence 
between  the  degrees  in  which  the  two  qualities  occur  in  the  relations 
of  individuals  or  varieties;  and  some  cases  we  find  segregate  fecundity 
associated  with  integrate  vigor.  The  mule,  though  absolutely  sterile, 
possesses  vigor  equal,  if  not  superior,  to  that  of  either  parent.  In  the 
record  of  experiments  given  by  Darwin  in  "  Cross  and  Self  Fertilization 
in  the  Vegetable  Kingdom"  mention  is  made  of  certain  species  in  which 
self- fertilized  flowers  are  more  fertile  than  the  cross-fertilized,  while  the 
plants  produced  from  the  cross  seed  are  the  more  vigorous;  and  of 
other  species  in  which  cross-fertilized  flowers  are  by  far  the  most  pro- 
ductive, while  the  plants  produced  from  the  crossed  seed  are  neither  taller 
nor  heavier  than  the  self-fertilized.t  In  the  same  work  the  common 
pea  {Pisum  sativum)^  the  common  tobacco  (Nicotiana  tabacum),  and 
Canna  Warscewiczi  are  shown  to  be  more  vigorous  when  raised  from 
self-fertilized  seed  than  when  raised  from  seed  crossed  with  other  indi- 
viduals of  the  same  strain ;  but  in  the  case  of  the  tobacco  and  the  pea 
great  increase  of  vigor  is  produced  by  a  cross  with  a  slightly  different 
variety,  while  the  fertility  is  increased  but  little  if  any. 

But  the  most  interesting  of  all  his  experiments  as  bearing  on  the  sub- 
ject of  segregate  vigor,  is  given  in  the  history  of  '*  The  Descendants  of 
the  self  fertilized  Plant^  named  Hero,  which  appeared  in  the  Sixth  Selffer^ 
tilized  Generation  of  Ipomcea  purpurea."  "  A  cross  between  the  children 
of  Hero  did  not  give  to  the  grandchildren  any  advantage  over  the  self- 
fertilized  grandchildren  raisedfrom  the  self- fertilized  children.'^    "  And, 

•  See  **  Origin  of  Species/'  6th  edition,  p.  249. 
f  See  **  Cross  and  Self-Fertilization,"  pp.  322-329. 
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what  is  far  more  remarkable,  the  great-grandchildren,  raised  by  cross- 
ing the  grandchildren  with  a  fresh  stock,  had  no  advantage  over  either 
the  inter-crossed  or  the  self-fertilized  greatgrandchildren.  It  thus 
appears  that  Hero  and  its  descendants  differed  in  constitution  in  an 
extraordinary  manner  from  ordinary  plants  of  the  same  species."  "If 
we  look  to  the  (ordinary)  plants  of  the  ninth  generation  in  Table  x,  we 
find  that  the  inter-crossed  plants  (of  the  same  stock)  were  in  height  to 
the  self-fertilized  a«  100  to  79,  and  in  fertility  as  100  to  26;  whilst  the 
Colchester-crossed  plants  (raised  by  crossing  with  a  fresh  stock)  were  in 
height  to  the  intercrossed  as  100  to  78,  and  in  fertility  as  100  to  51."* 
The  Colchester-crossed  plants  were  th^efore  in  height  to  the  self-fer- 
tilized as  1  to  0.78  X  0.79,  or  as  1000  to  616,  and  ia  fertility  as  1  to 
0.51  X  0.26,  or  as  1000  to  133;  while  the  self- fertilized  descendants  of 
Hero  when  crossed  with  the  same  fresh  stock  not  only  had  no  advan- 
tage over  those  that  had  been  continuously  self-fertilized  for  nine  gen- 
erations, but,  as  the  details  of  the  experiment  show,  the  advantage  wa« 
on  the  Bide  of  the  plants  raised  from  the  self-fertilized  seed.  The  ex- 
periment was  conducted  under  conditions  decidedly  unfavorable  for  the 
production  of  healthy  plants ;  but  as  it  is  usually  found  that  the  superi- 
ority of  crosses  between  varieties  is  most  clearly  brought  to  light  when 
the  competitors  are  subjected  to  unfavorable  circumstances,  it  seems  to 
ftimisli  even  stronger  evidence  of  segregate  vigor  being  occasionally 
produced  in  the  earliest  stages  of  divergent  evolution  than  would  have 
been  ftimished  if  the  same  degree  of  superiority  in  the  self  fertilized 
plants  had  been  obtained  under  a  less  severe  test.  As  the  case  is  of 
unusual  interest,  I  give  the  details  as  recorded  by  Darwin : 

"Several  flowers  on  the  self-fertilized  grandchildren  of  ^ero  in  Table 
XVI  were  fertilized  with  i)ollen  from  the  same  flower;  and  the  seedlings 
raised  from  them  (great-grandchildren  of  Hero)  formed  the  ninth  self- 
fertilized  generation.  Several  other  flowers  were  crossed  with  pollen 
from  another  grandchild,  so  that  they  may  be  considered  as  the  off- 
spring of  brothers  and  sisters,  and  the  seedlings  thus  raised  may  be 
called  the  intercrossed  great-grandchildren.  And  lastly  other  flowers 
were  fertilized  with  jwllen  from  a  distinct  stock,  and  the  seedlings  thus 
raised  may  be  called  the  Colchester-crossed  great-grandchildren.  In 
my  anxiety  to  see  what  the  result  would  be  I  unfortunately  planted 
the  three  lots  of  seeds  (after  they  had  germinated  on  sand)  in  the  hot- 
house in  the  middle  of  winter,  and  in  consequence  of  this  the  seedlings 
(twenty  in  number  of  each  kind)  became  very  unhealthy,  some  growing 
only  a  few  inches  in  height,  and  very  few  to  their  proper  height.  The 
result  therefore  can  not  be  ftilly  trusted:  and  it  would  be  useless  to 
give  the  measurements  in  detail.  In  order  to  strike  as  fair  an  aver- 
age  as  possible  I  first  excluded  all  the  plants  under  50  inches  in  height, 
thus  rejecting  all  the  most  unhealthy  plants.  Tlie  six  self-fertilized 
thus  left  were  on  an  average  66.86  inches  high,  the  eight  inter-crossed 

•  "Cross  and  Self-Fertilization,"  pp.  47,  60,  61. 
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plants  63.2  high,  and  the  seven  Colchester-crossed  ()5.37  high;  so  that 
there  was  not  much  difference  between  the  three  sets,  the  self-fertilized 
plants  having  a  slight  advantage.  Nor  was  there  any  great  dift'erence 
when  only  the  plants  under  36  inches  in  height  were  excluded.  Nor 
again  when  all  the  plants,  however  much  dwarfed  and  unhealthy,  weie 
included. 

"In  this  latter  case  the  Colchester-crossed  gave  the  lowest  average 
of  all;  and  if  these  plants  had  been  in  any  marked  manner  superior  to 
the  other  two  lots,  as  from  my  former  experience  I  fully  expected  they 
would  have  been,  I  can  not  but  think  that  some  vestige  of  such  superi- 
ority would  have  been  evident,  nothwithstanding  the  very  unhealthy 
condition  of  most  of  the  plants.  No  advantage,  as  far  as  we  can  judge, 
was  derived  from  inter-crossing  two  of  the  grandchildren  of  Hero,  any 
more  than  when  two  of  the  children  were  crossed.  It  appears,  there- 
fore, that  Hero  and  its  descendants  have  varied  from  the  common  type, 
not  only  in  acquiring  great  power  of  growth  and  increased  fertility 
when  subjected  to  self-fertilization,  but  in  not  profiting  from  a  cross 
with  a  distinct  stock ;  and  this  latter  fact,  if  trustworthy,  is  a  unique 
case,  as  far  as  I  have  observed  in  all  my  experiments."  * 

Let  us  now  consider  for  a  moment  what  must  be  the  result  when  such 
a  variation  occurs  in  a  wild  species  subject  to  the  ordinary  conditions 
of  competition.  In  the  first  place,  it  would  gradually  prevail  over 
other  representatives  of  the  same  local  stock,  both  by  its  more  vigor- 
ous growth  and  by  its  greater  fertility,  especially  in  the  case  of  flow- 
ers that  failed  of  securing  a  cross.  And  afterwards,  when  it  came  into 
competition  with  the  equally  adapted  variety  from  which  it  was  par- 
tially protected  by  segregate  vigor,  it  would  neither  be  driven  out 
nor  lose  its  separate  existence  in  a  commingled  race.  It  will  be 
observed  that  we  have  in  such  a  case  local,  germinal,  and  floral  segre- 
gation, each  producing  partial  effects  which  are  enhanced  by  the  seg- 
regate vigor.  In  order  to  bring  out  the  relation  of  these  factors  to 
each  other,  let  us  assume  definite  values  for  each.  Let  us  suppose  that 
-^0  of  the  flowers  are  self-fertilized,  ^  are  fertilized  with  pollen  from 
another  flower  of  the  same  plant,  -^  are  fertilized  with  pollen  from 
other  plants  of  the  same  new  variety,  and  -^  are  fertilized  with  pollen 
from  the  older  variety  occupying  contiguous  areas.  Therefore  the  sum 
of  the  segregatiug  influences,  which  is  called  the  "Eatio  of  pure  breed- 
ing," and  is  represented  by  E  in  Table  ii,  equals  i^;  and  the  "Eatio 
of  cross-breeding,"  represented  by  c  in  all  the  tables,  equals  ■^.  Again, 
let  us  suppose  that  the  fertility  of  the  pure  breeds  is  the  same  as  that 
of  the  half-breeds,  but  that  the  superior  vigor  of  the  former  is  such  that 
any  one  of  the  pure  seeds  has  twice  as  good  a  chance  of  germinating, 
growing  to  maturity,  and  producing  seeds  as  any  one  of  the  crossed 
seeds.  The  general  effect  on  the  final  result  will  in  that  case  be  the 
same  as  if  the  *'  Ilatio  of  increase  for  the  pure  unions"  (which  I  call  M) 

*  "Cross  and  solf-fertiUzation  in  the  vegetable  kingdom,"  pp.  50,  61. 
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equalled  10,  while  the  ''Ratio  of  increase  for  the  cross  unions"  (which  I 
call  m)  equaled  5.  Turning  now  to  Table  v,  we  can  easily  find  the 
ratio  in  which  the  number  of  pure-breeds  will  stand  to  the  half-breeds, 
if  the  conditions  continue  long;  for  in  the  column  in  which  m  equals  5 
and  in  the  line  marked  c=  iV  we  find  ^^j,  which  means  that  the  half- 
breeds  will  equal  the  pure-breeds  multiplied  by  ^^o,  or  by  -^. 

SEGREGATE  VIGOR  AND   SBGREGATR   FECUNDITY   BETWEEN   HUMAN   RACES. 

My  attention  has  recently  been  called  to  the  following  facts  relating 
to  the  Japanese  and  Aino  races,  who  have  for  many  centuries  met  un- 
der circumstances  favorable  for  interfusion  without  any  apparent  efil'ect 
of  this  kind.  I  quote  from  ^' Memoirs  of  the  Literature  College,  Im- 
perial University  of  Japan,"  No.  1:  ''The  Language,  Mythology,  and 
Geographical  Nomenclature  of  Japan  viewed  in  the  Light  of  Aino 
Studies,"  by  Basil  Hall  Chamberlain,  p.  43 : 

"With  what  logic,  it  may  be  urged,  do  you  invito  us  to  accept  a 
great  extension  of  the  Aino  race  in  early  Japan,  when  it  is  a  physiolog- 
ical fact,  vouched  for  by  so  high  an  authority  as  Dr.  Baelz,  that  there 
is  little  or  no  trace  of  Aino  blood  in  the  Japanese  i)eoplef  In  reply  to 
this  some  would  perhaps  quote  such  examples  as  New  England,  whence 
the  Indians  have  vanished,  leaving  nought  behind  them  but  their  place- 
names.  In  Japan,  however,  the  circumstances  are  different  from  those 
of  New  England.  There  has  undoubtedly  been  constant  inter-marriage 
between  the  conquerors  and  the  native  race  upon  the  Aino  border.  We 
can  infer  this  from  history.  Those  who  have  traveled  in  Yezo  know  it 
by  i)ersonal  experience  to-day.  Nevertheless,  these  inter-marriages 
may  well  consist  with  the  absence  of  any  trace  of  Aino  blood  in  the 
population.  As  a  matter  of  fact,  the  northern  Japanese,  in  whose 
veins  there  should  be  most  Aino  blood,  are  no  whit  hairier  than  their 
compatriots  in  central  and  southern  Japan.  Anyone  may  convince 
himself  of  this  by  looking  at  the  coolies  (almost  all  Nambu  or  Tsugaru 
men)  working  in  the  Hakodate  streets  during  the  summer  months, 
when  little  clothing  is  worn.  But  the  paradox  is  only  on  the  surface. 
The  fact  is  that  the  half  castes  die  out — a  fate  which  seems,  in  many 
quarters  of  the  world,  to  follow  the  miscegenation  of  races  of  widely 
divergent  physique.  That  this  is  the  true  explanation  of  the  phenom- 
enon was  suggested  to  the  present  writer's  mind  by  a  consideration  ot 
the  general  absence  of  children  in  the  half-bred  Aino  families  of  his  ac- 
quaintance. Thus,  of  four  brothers  in  a  certain  village  where  he  staid, 
three  have  died  leaving  widows  without  male  children  and  with  only 
one  or  two  little  girls  between  the  three.  The  fourth  has  children  of 
both  sexes;  but  they  suffer  from  affections  of  the  chest  and  from  rheu- 
matism. Mr.  Batchelor,  whose  opportunities  for  observation  have  been 
unusually  great,  concurs  in  considering  this  explanation  as  sufficient 
as  it  is  simple.  There  are  scores  of  mixed  marriages  every  year.    There 
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are  numerous  half-breeds  born  of  these  marriages.  But  the  second 
generation  is  almost  barren;  and  such  children  as  are  bom — ^whether 
it  be  from  two  half-bred  parents,  or  from  one  half-breed  parent  and  a 
member  of  either  pure  race,  are  generally  weakly.  In  the  third  or 
fourth  generation  the  family  dies  out.  It  may  be  added  that  the  half- 
breeds  have  a  marked  tendency  to  baldness,  and  that  their  bodies  are 
much  less  hairy  than  those  of  the  genuine  Ainos.  This  fact  has  doubt- 
less heli)ed  to  cause  the  divergence  of  opinion  with  regard  to  Aino 
hairiness.  For  the  comparatively  smooth  half-breeds  usually  speak 
Aino,  dress  Aino  fashion,  and  are  accounted  to  be  Ainos,  so  that  travel- 
lers are  likely  to  be  misled,  unless  constantly  on  their  guard.  There 
seem  to  be  half-breeds  in  all  the  villages  whither  Japanese  peddlers  and 
fishermen  have  penetrated.  There  have  therefore  probably  at  some 
time  or  other,  been  half-breeds  in  every  section  of  Japan  where  the  two 
races  have  come  in  contact." 

If  these  two  races  were  equal  in  civilization  and  in  natural  adapta- 
tion  to  the  environment,  or  if  one  race  was  specially  adapted  to  moun- 
tain life  and  the  other  to  life  by  the  seashore,  it  seems  probable  that 
they  might  permanently  occupy  adjoining  countries  without  losing  any 
of  their  distinctive  characteristics.  Broca,  after  careful  collation  of  all 
the  information  that  could  be  gathered  from  the  publications  of  trav- 
ellers and  historians,  reaches  the  conclusion  "that  alliances  between  the 
Anglo-Saxon  race  and  the  Australians  and  Tasmanians  are  but  little 
prolific ;  and  that  the  mulattoes  sprung  from  such  intercourse  are  too 
rare  to  have  enabled  us  to  obtain  exact  particulars  as  to  their  viability 
and  fecundity."*  I  have  no  means  of  knowing  whether  later  investi- 
gations in  Australia  and  other  parts  of  the  world  have  thrown  fuller 
light  on  the  mutual  fertility  or  sterility  of  the  more  divergent  human 
races,  but  I  am  inclined  to  think  that  the  interest  in  the  subject  has  de- 
cHned  since  Darwin  has  shown  that  such  data  can  never  afford  proof 
that  the  different  races  of  man  are  not  descended  from  common  an- 
cestry. There  are  however  signs  that  a  renewed  interest  in  the  sub- 
ject is  being  awakened  through  the  realization  that  it  has  a  direct  bear- 
ing on  the  theory  of  the  origin  of  species. 

IMPRKONATIONAX  SEGREGATION  A  CAUSE  OF  DIVERGENCE  IN  BOTH  ITS  EARLIER  AND 

LATER  STAGES 

As  we  have  already  seen,  the  negative  factorst  segregate  vigor  and 
segregate  fecundity  would  tend  to  produce  extinction  if  not  asso- 
ciated with  positive  forms  of  segregation.  But  in  the  case  of  or- 
ganisms whose  fertilizing  elements  are  disributed  by  wind  and 
water,  the  qualities  that  produce  these  negative  forms  of  segrega- 
tion  are  usually  accompanied   by  those  that  produce  pre-potential 


*  See ''Phenomena  of  Hybridity  in  the  Genus  JJomo."  By  Paul  Broca.  Englinh 
translation,  published  for  the  Anthropological  Society  of  London  by  Longman, 
Green,  Longman,  and  Roberts  (1864),  pp.  45-60. 

T  For  a  definition  of  negative  segregation  see  page  309  of  this  paper. 
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segregation,  which  is  in  an  important  degree  positive.  But  even  pre- 
potential  segregation,  when  produced  by  mutual  incompatibility  be- 
tween a  few  individuals  and  a  numerous  parent  stock,  depends  for  its 
continuance  and  development  on  local,  germinal,  or  floral  segregation, 
partially  securing  the  intergeneration  of  a  few  that  are  mutually  com- 
patible. On  the  one  hand,  impregnational  segregation  depends  on 
some  degree  of  local,  germinal,  or  floral  segregation  which  is  a  constant 
feature  in  most  species;  but,  on  the  other  hand,  not  only  do  these  initial 
forms  of  positive  segregation  fail  of  producing  any  permanent  diver- 
gence till  associated  with  impregnational  segregation,  but  the  more 
effective  forms  of  positive  segregation,  such  as  industrial,  chronal,  fer- 
tilizationaJ,  sexual,  and  social  segregation,  often  depend  on  impregna- 
tional segregation,  inasmuch  as  the  divergence  of  endowments  which 
produces  these  depends  on  impregnational  segregation.  Moreover,  in 
all  such  cases,  increasing  degrees  of  diversity  in  the  forms  of  adapta- 
tion, and  consequently  of  diversity  in  the  forms  of  natural  selection, 
must  also  depend  upon  these  negative  factors,  which  in  their  turn  de- 
pend on  the  weak,  initial  forms  of  postive  segregation. 

Divergent  evolution  always  depends  on  some  degree  of  positive 
segregation,  but  not  always  on  negative  segregation.  Under  a  rigor- 
ous condition  of  the  former  (as  for  example  complete  geographical 
segregation),  considerable  divergence  may  result  without  any  sexual 
incompatibility.  Darwin  has  shown,  by  careful  experiments,  that  inte- 
grate vigor  and  fecundity  is  the  relation  in  which  the  varieties  of  one 
species  usually  stand  to  each  other.  This  fact  does  not  however  prove 
that  the  more  strongly  divergent  forms,  called  species,  which  are  pre- 
vented from  coalescing  by  segregate  vigor  and  feciuidity,  did  not 
acquire  some  degree  of  this  latter  character  before  any  i)ermanent 
divergence  of  form  was  acquired.  Their  having  acquired  this  segre- 
gating characteristic  may  be  the  very  reason  why  their  forms  are  now 
so  decidedly  different,  for  without  it  they  would  have  been  swallowed 
up  by  the  incoming  waves  of  inter-generation.  Again,  we  must  remem- 
ber that  forms  only  moderately  divergent  are  habitually  classed  as  dif- 
ferent species  if  they  are  separated  by  segregate  vigor  and  fecundity 
(that  is,  by  some  degree  of  mutual  sterility),  unless  observation  shows 
that  they  are  of  common  descent.  These  two  considerations  suflft- 
ciently  explain  why  the  varieties  of  one  species  are  so  seldom  reported 
as  mutually  infertile.  Notwithstanding  this,  the  experiments  of  Gart- 
ner and  of  Darwin,  already  referred  to  at  length,  seem  to  show  that 
segregate  fecundity  and  vigor  may  arise  between  varieties  that  spring 
from  one  stock.  In  view  of  these  cases,  we  must  believe  that  in  the 
formation  of  some — ^if  not  many — species,  the  decisive  event  with  which 
permanent  divergence  of  allied  forms  commences  is  the  intervention  of 
segregate  fecundity  or  vigor  between  these  forms.  Positive  segrega- 
tion, in  the  form  of  local,  germinal,  or  floral  segregation  producing  only 
transitory  divergencies,  always  exists  between  the  portions  of  a  species 
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that  has  many  members,  but  as  it  does  not  directly  produce  the  nega- 
tive segregation  which  is,  in  such  cases,  the  necessary  antecedent  of 
permanent  divergence,  we  can  not,  in  accordance  with  the  usage  of  lan- 
guage, call  it  the  cause  of  the  permanent  divergence.  Moreover,  though 
it  may  be  in  accordance  with  ordinary  language  to  call  the  negative 
segregation,  which  is  the  immediate  antecedent  of  the  i>ermanent  diver- 
gence, the  cause  of  the  same,  it  will  be  more  correct  to  call  the  coin- 
cidence of  the  negative  and  positive  segregations  the  cause,  and  still 
more  accurate  to  say  that  the  whole  range  of  vital  activities  (when  sub- 
jected to  the  limitations  of  any  sexual  incompatibility  that  corresponds 
in  the  groups  it  separates  to  some  previous  but  ineffectual  local,  germi- 
nal, or  floral  segregation)  will  produce  permanent  divergence. 

In  many  cases  not  only  is  the  entrance  of  impregnational  segrega- 
tion the  cause  of  the  commencement  of  permanent  divergence,  but  its 
continuance  is  the  cause  of  the  continuance  of  the  divergence.  The 
clearest  illustration  of  this  is  found  in  the  case  of  plants  that  are  fer- 
tilized by  pollen  that  is  distributed  by  the  wind.  All  the  higher,  as 
well  as  the  lower,  groups  of  such  plants  would  rapidly  coalesce  if  each 
grain  of  pollen  was  capable  of  producing  fertilization,  with  equal  cer- 
tainty, promptness,  and  efficiency,  on  whatever  stigma  it  might  fall. 
We  may  also  be  sure  that,  with  organisms  that  depend  upon  water  for 
the  distribution  of  their  fertilizing  elements,  impregnational  segrega- 
tion is  an  essential  factor  in  the  development  of  higher  as  well  as  of 
lower  taxonomic  groups. 

It  is  important  to  observe  that,  in  the  cases  under  consideration,  the 
inferior  fertility  or  vigor  resulting  from  the  crossing  of  the  incompatible 
forms  is  as  truly  a  cause  of  divergence  as  the  inferior  opportunity  for 
crossing  which  from  the  first  existed  between  the  members  occupying 
different  localities  or  between  the  flowers  growing  on  different  trees  of 
the  same  species.  The  former  has  been  called  negative,  and  the  latter 
positive,  segregation,  not  for  the  sake  of  distinguishing  different  grades 
of  efficiency,  but  for  the  sake  of  indicating  the  different  methods  of 
operation  in  the  two  classes  of  segregation. 

c)  Institutional  segregation. 

Institutional  segregation  is  the  reflexive  form  of  rational  segrega- 
tion. It  is  produced  by  the  rational  purposes  of  man  embodied  in  in- 
stitutions that  prevent  free  inter-generation  between  the  different  parts 
of  the  same  race. 

As  the  principal  object  of  the  present  paper  is  to  call  attention  to 
the  causes  of  segregation  acting  independently  of  effort  and  contriv- 
ance directed  by  man  to  that  end,  it  will  be  sufficient  to  enumerate 
some  of  the  more  prominent  forms  under  which  institutional  segrega- 
tion presents  itself,  noting  that  some  of  these  influences  come  in  as 
supplemeintal  to  the  laws  of  segregation  already  discussed,  simply  re- 
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enforcing  by  artificial  barriers  the  segregations  that  have  their  original 
basis  in  nature.  The  chief  forms  that  should  be  enumerated  are  na- 
tional, linguistic,  caste,  penal,  sanitary,  and  educational  segregation; 
and  if  we  had  not  already  considered  industrial  segregation  in  the  pre- 
vious chapter,  that  might  be  added. 

CONCLUDING  REMARKS. 

Besides  artificial  and  institutional  segregation,  which  depend  on  the 
rational  purpose  of  man,  we  have  now  considered  numerous  forms  of 
segregation,  resting  on  no  less  than  18  groups  of  purely  natural  causes. 
Owing  to  the  length  of  this  paper  I  deem  it  wise  to  bring  it  to  a  close 
without  discussing  the  laws  that  co-operate  in  intensifying  the  effects 
directly  produced  by  the  segregative  causes  already  considered.  As  I 
have  shown  in  Chapter  II,  segregation  is  not  simply  the  independent 
generation  of  the  different  sections  of  a  species,  but  the  independent 
generation  of  sections  that  differ;  and  though  no  one  will  believe  that 
any  two  sections  of  a  species  are  ever  exactly  equivalent,  it  is  evident 
that  the  degrees  of  difference  may  be  greater  or  less,  and  that  what- 
ever causes  a  greater  difference  in  two  sections  that  are  prevented  from 
intergenerating  will  also  be  a  cause  of  increased  segregation. 

It  has  been  observed  that  some  of  the  causes  enumerated  in  this  and 
the  previous  chapter  are  primarily  separative,  and  that  no  one  of  those 
that  are  primarily  segregative  is  at  any  one  time  segregative  in  regai-d 
to  many  classes  of  characters.  As  several  forms  of  segregation  may 
co-operate  in  securing  a  given  division  of  a  species  and  one  form  is 
super-imposed  upon  another  the  aggregate  effect  must  be  incalculably 
great;  but  we  easily  perceive  that  it  may  be  indefinitely  enhanced  by 
causes  producing  increased  divergence  in  the  segregated  branches. 
The  causes  which  produce  monotypic  evolution  when  associated  with 
inter-generation  must  be  etjually  effective  in  producing  polytipic  evolu- 
tion when  associated  with  se-generation,  whether  in  its  separative  or 
segregative  forms.  But  the  discussion  of  intensive  segregation  must 
be  reserved  for  another  occasion. 

Believing  that  the  study  of  cumulative  segregation  in  its  relations  to 
the  other  factors  of  evolution  will  throw  light  on  the  origin  of  species 
far  beyond  what  I  have  been  able  to  elicit,  I  trust  the  subject  will 
secure  the  attention  of  those  who  enjoy  better  opportunities  than  I  do 
for  carrying  forward  such  investigations. 
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APPENDIX, 


CLASSIFIED  TABLE  OF  FORMS  OF  SBGREGATION. 


A. 


Environal  segregation. 
(a)  Industrial  segregation. 

Sustentational. 

Defensive. 

Nidificational. 
(5)  Chronal  segregation. 

Cyclical. 

Seasonal. 

(c)  Spatial  segregation. 

f  Migrational. 
Geographical.  ^  I  Transporta- 
Local.  )    I       tional. 

l^  Geological. 

(d)  Fertilizational  segregation. 

(e)  Artificial  segregation. 


B. 


Reflexive  segregation. 
(a)  Conjunctional  segregation. 

Social. 

Sexual. 

Germinal. 

Floral. 
{b)  Impregnational  segregation. 

Segregate  size. 

Segregate  structure. 

Prepotential  segregation. 

Segregate  fecundity. 

Segregate  vigor. 
(c)  Institutional  segregation. 


C. 


Intensive  segregation. 

(a)  Assimilational  intension. 

(b)  Stimulational  intension. 

(c)  Suetudinal  intension. 

(d)  Correlated  intension. 

(e)  Integrational  intension. 
(/)  Selectional  intension. 
{g)  Fecundal  intension. 

(h)  Elimiuational  intensioual. 
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THE  STRUGGLE  FOR  LIFE  IN  THE  FOREST.* 


By  James  Rodway. 


Guiana  is,  above  everything  else,  famous  for  its  varied  and  rampant 
forms  of  vegetable  life.  It  is  a  country  of  magnificent  timber  trees, 
elegant  palms,  wonderful  creeping,  climbing,  and  scrambling  vines, 
enormous  arums,  and  stately  grasses.  All  of  these  seem  conscious  that 
they  have  to  struggle  for  existence  and  that  the  fittest  only  will  sur- 
vive. Here  we  have  no  forest  of  one  species — in  which  there  appears 
to  be  something  like  combination,  but  every  plant  is  an  individual,  and 
as  such  strives  with  all  its  might  to  get  ahead  of  its  neighbor,  no  mat- 
ter how.  Its  whole  aim  and  end  is  to  obtain  a  share  of  the  bright  sun- 
light which  is  so  plenteously  bestowed,  but  nevertheless  is  so  hard  to 
get  at.  As  long  as  the  individual  succeeds  it  does  not  care  what 
becomes  of  the  others;  "everyone  for  himself  and  the  sunlight  for  him 
who  outstrips  the  others"  appears  to  be  their  motto. 

Myriads  of  seeds  are  distributed  in  every  direction;  some  are  eaten 
by  birds,  others  by  quadrupeds  and  monkeys,  while  the  vast  majority 
are  washed  away  by  floods  or  die  in  the  first  stage  of  babyhood.  A 
hundred  may  germinate  under  one  tree,  but  what  poor,  puny  things  they 
are !  They  try  their  best  to  raise  themselves  toward  the  light  above  their 
heads,  but  without  a  share  of  that  light  they  have  no  strength.  Their 
seed  leaves  are  almost  colorless,  while  their  stems  are  so  fragile  that  they 
often  break  off  by  their  own  weight.  One  by  one  they  fall  and  die. 
Here  and  there  however,  in  some  place  where  a  few  rays  of  light  have 
succeeded  in  penetrating  the  canopy  of  foliage,  one  of  them  becomes 
strong  enough  to  get  over  its  first  difficulties.  Then  it  uses  up  all  its 
strength  to  push  its  way  up  and  up  until  it  arrives  at  the  top.  It  does 
not  waste  its  energy  by  spreading  in  any  way,  either  in  the  stem  or  by 
branching,  but  straight  and  thin  as  a  walking  stick  at  last  forces  its 
way  into  the  sunlight.  Now  comes  a  transformation ;  like  a  giant  forcing 
his  way  through  a  crowd  it  pushes  out  a  branch  in  this  direction  and 
another  in  that  until  it  succeeds  in  elbowing  itself  into  a  good  place. 

Except  at  night  there  is  no  rest  in  the  tropical  forest.  The  struggle 
goes  on  all  through  the  year,  being  perhaps  only  a  little  less  in  the  dry 
season.    No  nice  winter's  sleep  is  possible.    Man  and  the  higher  ani- 


•  From  "  Timekri,"  Journal  of  the  Royal  Agricultural  and  Commercial  Society  of  Brit- 
ish Ouiana.    Jnne^  1891 ;  vol.  v  (new  Beries),  pp.  13-33. 
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mals  may  take  things  easy,  but  not  so  the  trees.  In  the  great  cities  of 
Europe  men  have  to  carry  on  just  such  a  struggle,  but  plants  in  tem- 
perate climates  jog  along  quietly ;  here  the  case  is  reversed.  From 
dawn  to  sunset  trees  are  hard  at  work — ^you  can  almost  see  some  of  them 
growing — and  as  may  naturally  be  supposed,  they  must  have  a  little 
rest  at  night.  The  tree  is  thoroughly  exhausted ;  its  branches  lose  their 
stiffness,  while  the  leaves  droop  and  fold  themselves  together.  Unlike 
those  of  temi)erate  climates,  the  trees  of  the  tropics  all,  more  or  less, 
show  these  signs  of  exhaustion  toward  sunset. 

Forest  trees  have  not  only  to  contend  with  each  other, — this  is  a  fair 
tight  where  if  not  equally  matched  they  are  nearly  so, — but  the  strug- 
gle must  be  carried  on  against  interlopers  of  various  kinds.  Creeping, 
twining,  and  scrambling  vines  are  determined  somehow  or  other  to  get 
a  share  of  the  sunlight.  "There  is  plenty  of  room  at  the  the  top,'^  but 
they  have  to  get  there.  Without  light  they  are  like  the  young  trees, 
poor,  sickly,  washed-out  things,  hardly  able  to  to  raise  themselves  even 
with  the  aid  of  the  stems  of  trees  or  other  climbers  like  themselves. 
Some  few  do  succeed,  however,  one  way  or  another — one  species  of  Big- 
nonia  by  means  of  veritable  claws — and  when  they  get  to  the  top,  how 
they  do  revenge  themselves  on  the  lorest  trees  which  have  stood  in  their 
light.  We  can  fancy  one  of  them  saying,  "Now,  I  am  going  to  smother 
you."  And  it  does  so  in  many  Ciises.  It  branches  out  here,  then-'.,  and 
everywhere,  spreading  its  leaves  upon  those  of  its  support,  until  even- 
tually a  wealth  of  brilliant  flowers  open  out,  eclipsing  those  of  the  trees 
altogether.  As  its  branches  extend  the  stem  swells  and  hardens  until 
it  looks  like  a  great  hempen  cable,  which,  if  it  happens  to  be  a  twiner, 
constricts  its  support  in  serpent-like  folds  until  perhaps  the  tree  is  stran- 
gled to  death.  But  this  does  not  matter,  for  by  that  time  the  rampant 
monster  has  spread  itself  over  a  dozen  giants  of  the  forest  where  it 
revels  in  the  sunlight  and  seems  to  crow  over  its  victory. 

Perhaps  the  most  insidious  enemy  against  which  the  forest  tree  has 
to  contend  is  the  class  of  stranglers  such  as  clusias  and  figs.  Birds 
eat  the  fruit  of  these  horrible  plants,  and  deposit  the  seeds  in  the  top- 
most forks  of  some  forest  giant,  where  they  germinate.  One  of  these 
succeeds  in  getting  ahead,  and,  as  its  leaves  open,  it  extends  a  number 
of  aerial  roots  down  the  trunk  of  the  tree  until  they  reach  the  earth. 
There  they  go,  crawling  down,  and  like  very  long  worms,  apparently  quite 
harmless,  clinging  to  the  bark,  but  seeming  otherwise  entirely  wanting 
in  either  ability  or  desire  to  injure.  Now  the  strangler  has  gained  its 
footing  and  begins  to  feel  its  power.  The  aerial  roots  expand  laterally 
until  they  actually  run  into  each  other  and  cover  the  trunk.  We  can 
almost  fancy  the  magnificent  forest  tree  protesting  strongly,  as,  octopus- 
like, the  clusia  begins  to  compress  and  strangle  it.  It  may  protest  as 
much  as  it  likes,  but  that  makes  no  difference;  the  clusia  grows  stronger 

nd  stronger,  until  by  and  by,  as  the  strangler  opens  its  magnificent 

axy  flowers  to  the  sun  and  glories  in  its  conquest,  the  poor,  unfortu- 
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nate  victim  droops  and  dies.  Then  the  trunk  becomes  diseased,  wood 
ants  begin  their  work,  and  finally  nothing  is  left  but  the  hollow  cylinder 
of  the  strangler. 

There  is  yet  another  foe  to  the  giant  of  the  forest,  the  parasite  or 
bloodsucker,  the  leech  of  the  vegetable  kingdom.  Like  the  leech,  it  is 
not  very  large  in  comparison  with  its  victim,  but  that  does  not  matter, 
as  it  makes  up  in  numbers  what  it  lacks  in  size.  These  plants,  called 
bird  vines  {Loranthacece)j  are,  like  the  stranglers,  distributed  by  birds. 
The  see^s  are  covered  with  glutinous  pulp,  which,  when  they  are 
droppe<l  by  birds,  enables  them  to  adhere  to  the  branches  of  the  trees. 
Here  they  sprout,  and  with  their  young  leaves,  produce  aerial  roots, 
covered  with  suckers,  which  run  along  and  insinuate  themselves  into 
the  cracks  of  the  bark,  continually  nourishing  themselves  on  the  life- 
blood  of  their  victims.  As  the  loranth  extends  itself,  it  seems  to  revel 
in  the  mischief  it  is  producing,  looking  bright  and  happy  in  contrast 
with  its  miserable  victim,  whose  limbs  begin  to  wither  and  fall,  until 
ultimately  the  branch  becomes  dry  and  brittle,  when  perhaps  some  day 
it  breaks  off  by  its  own  weight  and  comes  to  the  ground,  bringing  its 
murderer  with  it.  Sometimes  the  whole  tree  will  be  covered  with  para- 
sites and  ultimately  succumb  to  the  continual  drain,  but  more  often  it 
survives  in  a  most  miserable  state  of  weakness,  being  hardly  able  to 
produce  flowers,  much  less  fruit.  Like  a  man  suffering  under  a  chronic 
disease,  it  drags  along  its  melancholy  existence  until  all  its  branches 
wither,  when  the  parasites,  having  nothing  to  live  on,  suffer  a  just  ret- 
ribution. However,  there  are  always  plenty  of  others  to  keep  up  the 
fight,  as  the  species  are  very  numerous,  while  the  seeds  germinate  by 
thousands. 

Although  there  is  a  scarcity  of  the  larger  animals  in  the  forest,  this 
is  compensated  by  the  wealth  and  variety  of  the  insect  world.  Ants 
are  present  in  myriads,  some  of  them  making  sad  havoc  on  the  foliage 
and  adding  to  the  numerous  foes  against  which  the  forest  giant  has  to 
contend.  Then,  there  is  the  great  army  of  wood  ants,  or  termit^ 
which  are  the  scavengers.  When  a  tree  is  elbowed,  smothered,  strangled, 
or  sucked  to  death,  the  wood  ants  are  ever  in  readiness  to  dispose  of 
its  remains.  However  hard  the  timber  may  be,  it  is  not  too  tough  for 
these  insignificant  creatures.  To  look  at,  they  appear  the  weakest  of 
all  insects.  Unable  to  stand  even  the  subdued  light  of  the  forest,  hav- 
ing to  build  covered  tunnels  so  as  to  be  always  in  darkness,  they  are 
nevertheless  able  in  a  comparatively  short  time  to  make  a  fallen  trunk 
as  fragile  as  an  eggshell.  In  wandering  through  the  forest  you  come 
upon  an  enormous  trunk  lying  across  your  path.  It  is  too  large  to 
step  over,  so  you  put  your  foot  upon  it,  when,  with  a  crunch,  crunch,  the 
apparently  hard  timber  crumbles  like  a  mummy,  while  the  wood  ants 
are  scattering  in  every  direction  to  get  under  cover.  In  the  larval  state 
the  insect  world  is  also  the  sworn  foe  of  the  tree.  The  elegant  palm 
has  its  canker  at  the  heart  in  the  shape  of  the  borer  beetle.    These 
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princes  of  the  vegetable  kingdom  are  very  tender;  a  single  larva  will 
kill  the  strongest  of  them.  There  they  stand,  like  kings  deprived  of 
their  crowns,  until  the  inevitable  scavengers  come  forward  and  cram- 
ble  them  into  mold. 

In  the  great  struggle  for  light,  which  means  life  in  the  forest,  there 
is  no  place  for  small  herbaceous  plants.  Such  little  beauties  as  daisies 
and  primroses  could  find  no  sunny  banks  or  fields  to  bask  in.  The 
ground  is  strewn  with  dead  leaves  and  withered  petals,  which  have 
fallen  from  the  canopy  above,  and  sometimes  you  pick  up  a  flower  or 
seed  and  wonder  which  tree  it  came  from.  You  look  up  and  try  to 
identify  the  foliage  of  some  particular  tree,  but  they  are  so  intermin- 
gled that  this  is  almost  impossible.  There  is  hardly  anything  to  be 
seen  in  the  dense  forest  save  an  interminable  jumble  of  trunks  and 
bush  ropes.  However,  flowers  are  not  entirely  absent.  Scattered  here 
and  there  may  be  found  a  few  leafless  root  parasites.  One  orchid,  the 
Wullschlegelia  aphylla^  is  able  to  exist  in  the  half-light,  together  with 
three  species  of  Voyria.  Except  one  of  the  latter,  which  is  like  a  min- 
iature yellow  crocus,  these  plants  are  particularly  delicate,  poor,  pale, 
sickly  looking  creatures,  that  seem  ready  to  fall  to  pieces  by  their  own 
weight,  although  they  are  only  2  or  3  inches  high. 

However,  herbaceous  plants  are  not  wanting  in  the  forest.  Let  us 
single  out  a  giant  Mora,  if  we  can,  and  use  a  glass,  when  we  shall  see 
that  its  limbs  are  covered  with  small  plants,  which  may  be  recognized 
as  orchids  and  bromelias.  Far  above  our  heads  are  the  representatives 
of  Shakespeare's  "long  purples"  and  the  other  temperate  orchids 
which  decorate  the  English  meadows.  There  they  sit,  100  to  150  feet 
above  our  heads,  "  born  to  blush  unseen,"  as  far  a«  the  human  eye 
is  concerned.  Nevertheless  they  live,  and  perhaps  enjoy  life,  doing 
their  work,  and  doing  it  admirably.  They  do  not  elbow  their  neigh- 
bors, nor  do  they  smother,  strangle,  or  suck  them,  but  simply  make 
use  of  the  topmost  branches  of  the  forest  giants  as  resting  places* 
The  orchid  grasps  its  support  in  a  loving  manner,  holding  it  tightly, 
but  not  like  the  parasite,  to  get  fat  at  its  expense.  No,  the  orchid  has 
succeeded  in  making  itself  almost  independent.  It  is  satisfied  with  a 
little  light;  so  there  is  no  necessity  tor  interfering  with  its  host.  Hav- 
ing, as  it  were,  succeeded  in  getting  out  of  the  tnrmoil  of  the  fight,  it 
decorates  the  brawny  limbs  of  the  forest  giant  with  its  brilliant  flow- 
ers, and  invites  the  bees  and  butt.ertties  to  come  to  its  nuptials. 

Although  it  apparently  takes  things  very  easy,  the  orchid  is  by  no 
means  idle,  while  its  position  to-day  represents  the  outcome  of  genera- 
tions of  steady  work.  Having  no  connection  with  the  soil,  it  has  to 
gather  its  food  from  the  air,  rain,  and  dew,  and  not  only  to  collect,  but 
also  to  store  it.  Although  rains  are  frequent  enough,  still  there  are 
dry  seasons,  when,  under  the  tropical  heat,  a  plant  in  such  a  i)osition 
must  wither  and  die  unless  some  provision  were  made  for  these  contin- 
gencies.   Like  the  plants  of  the  desert,  the  orchid  stores  its  food  in 
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anticipation  of  a  drougbt,  but  every  family,  and  almost  every  species, 
does  this  in  a  different  manner.  Some,  like  Oncidium  Lanceanum^  lay 
up  their  store  in  thick,  leathery  leaves,  so  that  they  can  enjoy  plenty  o^ 
sunlight  without  injury.  Others,  like  the  Cattleya,  have  thick  leaves 
and  swollen  stems,  which  latter  is  one  of  the  forms  of  the  pseudo  bulb, 
and  is  peculiar  to  the  orchid  family.  Where  the  leaves  are  thin  the 
pseudo  bulbs  are  often  very  large,  so  that  if  every  leaf  should  be  dried 
up  the  plant  still  retains  its  vitality.  In  some  cases  the  store  of  food  is 
laid  up  in  cylindrical  leaves,  some  resembling  porcupine's  quills,  others 
like  yard  lengths  of  thick  twine;  in  others,  there  is  a  plump,  fleshy  stem 
which  answers  the  same  purpose.  A  few  species  have  no  leaves  or 
pseudo  bulbs.  In  such  cases  their  aerial  roots  perform  all  the  functions 
of  both. 

The  Broineliacece^  wild  pines  as  they  are  called,  have  chosen  an 
entirely  different  manner  of  storing  water  against  a  drought.  Fold- 
ing the  bases  of  their  leaves  together,  and  tightly  overlapping  one 
upon  another,  a  cup  is  formed,  which  retains  a  store  of  water  for  sev- 
eral weeks.  Every  leaf  being  a  natural  gutter  leading  to  this  reser- 
voir, the  plant  succeeds  in  gathering  a  little  water  with  every  shower, 
so  that  it  is  hardly  ever  actually  dry.  Taking  advantage  of  this,  a 
species  of  JJtricularia^  a  strictly  aquatic  plant,  has  succeeded  in  locat- 
ing itself  in  these  little  pools,  where  it  luxuriates  far  above  its  swamj)- 
dwelling  cousins.  Not  satisfied  with  this  wonderful  contrivance,  the 
Bromelia  has  also  develoi>ed  a  peculiar  texture  of  leaf,  almost  as  tough 
as  horn,  but  at  the  same  time  quite  flexible,  which  enables  it  to  stand 
such  a  strong  heat  and  glare  as  would  cripple  the  more  delicate  crchid. 

Leaving  the  dense  forest,  in  which  only  winged  creatures  can  well 
observe  the  struggle  for  life,  we  come  across  a  river  or  creek,  which,  if 
it  is  wide  enough,  breaks  the  continuity,  and  allows  a  streak  of  sun- 
light to  penetrate.  If,  on  the  contrary,  the  creek  be  only  a  narrow  one, 
the  forest  trees  meet  overhead,  or  we  paddle  our  canoe  under  their 
trunks  and  branches,  which  lean  over  and  almost  choke  the  passage. 
Where  the  river  is  broad  the  forest  slopes  down  to  it,  looking  at  a  dis- 
tance as  if  there  were  a  high  embankment  when  actually  the  shore  is 
quite  flat  lor  a  long  distance  behind.  Here  the  struggle  for  life  can  be 
fully  appreciated,  as  the  vegetation  is  nearer  the  eye.  All  along  the 
banks,  without  a  single  break,  shrubs  and  low  trees  are  densely  packed 
together,  each  trying  to  find  room  for  itself  at  the  expense  of  its  neigh- 
bor. They  take  up  every  inch  of  available  space,  extending  their 
branches  as  far  as  possible  over  the  stream,  while  the  creeping  and 
scrambling  vines  take  advantage  of  this  to  spread  themselves  over  the 
whole  face  of  the  embankment  of  foliage,  festooning  it  with  their  gay 
flowers  and  revelling  in  the  fact  that  they  have  succeeded  in  "coming 
over  "  their  supx>orters.  Sometimes  retribution  overtakes  them,  as  they 
make  the  shrub  or  tree  so  top-heavy  that,  when  a  flood  comes,  the 
roots  are  loosened  and  the  swift  current  tears  away  the  whole  mass, 
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leaving  the  remains  of  the  lately  crowing  smotherer  braised,  torn,  Jind 
bleeding. 

The  elbowing  which  goes  on  here  differs  from  that  in  the  "  high 
woods"  in  the  faot  that,  the  struggle  being  so  much  the  greater,  the 
army  of  combatants  has  put  on  armor.  There  are  no  weak,  soft  crea- 
tures here.  Almost  as  soon  as  the  seedlings  grow  they  assume  their 
weapons.  Cover  a  man  from  head  to  foot  with  needles  all  pointing  out- 
ward, and  set  him  to  elbow  himself  through  a  crowd,  and  you  have 
something  like  what  is  actually  the  fact  with  a  genus  of  comparatively 
low  palms  (Bactris).  The  stems  are  densely  clothed  \^ith  needle-like 
spines,  while  the  ribs  of  the  fronds  have  the  same  aggressive  spikes, 
all  seeming  to  say  defiantly  *'  yoli  me  tangere ! "  Kot  content  with  a 
single  stem,  these  palms  grow  in  clumps,  every  new  sucker  taking  its 
place  beyond  the  others  and  pushing  its  weaker  neighbors  farther  out 
of  the  way.  Most  of  the  low  shrubs  have  stiff  and  rigid  branches, 
which  of  themselves  form  a  protection,  but  not  content  with  this,  they 
often  have  short,  stiff  thorns,  ready  to  tear  both  the  leaves  and  stems 
of  any  young  plant  which  tries  to  force  its  way  through  them.  Having 
to  contend  against  such  strong  opponents,  the  climbers  put  on  their 
armor  as  well.  The  Desmoncus  covers  its  stem  with  spines,  and  insinu- 
ates its  young  fronds  through  some  little  gap  toward  the  light.  Step 
by  step  it  ascends,  the  fronds  opening  one  by  one,  each  provided  with 
a  most  formidable  arrow-head  having  a  dozen  pairs  of  barbs,  which 
effectually  hold  up  the  weak  trailing  stem.  These  barbs  are  most  dan- 
gerous weaj)ons  of  offense  to  boatmen  coming  swiftly  down  the  streams, 
as  they  hang  over  as  if  fishing  for  anything  that  comes  in  their  way. 

Beyond  the  line  of  bushes,  and  actually  in  the  water,  grows  the  tree- 
like Mocca-Mocca  (Montrichardia  arborescens)^  a  curious  species  of  aroid 
which  has  succeeded  in  developing  itself  to  a  wonderful  size.  In  its 
young  state  it  is  provided  with  spines,  so  as  to  be  able  to  push  its  w<ay, 
but  as  it  grows  upward  these  are  no  longer  necessary,  and  are  there- 
fore not  found  on  the  upper  part  of  the  stem.  When  the  water  is  shal- 
low they  form  an  impenetrable  phalanx  of  several  yards  deep  all  along 
the  shore,  their  stems  being  often  20  feet  high  and  packed  as  closely 
together  as  possible. 

It  might  be  supposed  that  the  grasses  other  than  bamboos  would  be 
entirely  absent  from  the  forest  region,  but  such  is  not  the  case.    One 
species,  Panicnm  elephantipeSj  has  succeeded  in  getting  over  the  diffi- 
culties by  taking  its  place  as  a  water  plant.    Being  provided  with  large 
creeping  hollow  stems,  it  anchors  itself  to  the  branch  of  some  tree 
that  meets  the  water,  and  from  this  point  extends  outward  and  along 
the  shore.    Growing  very  quickly,  it  often  covers  the  surface  for  some 
distance  from  the  line  of  mocca-moccas,  and  might  prove  a  formidable 
^struction,  did  not  the  river  swell  at  intervals  and  carry  off  large 
ises,  like  floating  islands,  down  to  the  sea. 
eyond  the  fringe  of  rampant  vegetation  nothing  can  be  seen  from 
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the  river,  but  by  pushing  aside  the  branches  and  creepers,  so  as  to  get 
behind  the  veil,  orchids  may  be  seen  growing  luxuriantly  in  great  num- 
bers. Here  live  those  species  that  delight  in  plenty  of  moisture,  and 
that  can  not  endure  the  drier  atmosphere  wliich  is  met  with  in  the  "  high 
woods.''  This  is  the  home  of  Zygopetulon  rostratum^  which  is  enabled 
to  flourish  and  produce  its  beautiful  white  flowers  in  more  gloomy 
recesses  than  most  of  the  others.  It  has  developed  a  creeping  habit, 
by  which  it  seems  to  derive  benefit,  being  able  by  this  means  to  grow 
upward  on  a  branch  as  the  tree  extends  itself.  When  this  species  is 
plentiful  it  forms  quite  a  pretty  decoration  to  the  rugged  branches. 

The  places  where  orchids  are  seen  to  advantage  are  not  however  on 
the  banks  of  the  great  rivers,  but  rather  on  those  that  are  wide  enough 
to  allow  a  moderate  quantity  of  light  to  penetrate.  Not  having  sufficient 
sun-light  to  produce  rampant  vegetation,  such  places  are  very  congenial 
to  a  great  number  of  species.  High  above  the  water  rise  the  giant  moras 
and  other  immense  timber  trees,  while  here  and  there  a  great  trunk  leans 
across  the  creek,  its  upper  surface  decorated  with  creeping  ferns,  pep- 
eromias,  and  the  smaller  species  of  orchids,  such  as  Pleurothallis  and 
Dichcea.  In  some  of  the  larger  forks  grow  immense  masses  of  Oncidium 
aUisainiMmj  often  3  or  4  feet  across,  their  elegant  flower  stems  being 
10  or  12  feet  high,  hanging  or  curving  gracefully  over  and  loaded  with 
hundreds  of  pretty  yellow  flowers.  Brassias  are  also  very  common, 
while  here  and  there  Stanhopea  eburnea  perfumes  the  air  with  its  large 
ivory-white  pendulous  blossoms.  As  the  creek  twists  and  turns  about 
a  new  vista  is  opened  at  intervals,  every  short  reach,  from  the  different 
degree  of  light,  showing  some  diversity  in  its  forms  of  vegetation.  Now, 
as  the  creek  narrows,  the  canoe  is  paddled  through  a  gloomy  cavern 
almost  as  dark  as  night,  from  which  the  exit  appears  at  a  distance  like 
the  termination  of  a  tunnel.  Then  comes  a  wide  bay  where  the  sun 
shines  in  all  its  brilliancy.  Here  a  mass  of  vegetation  chokes  the  pas- 
sage, and  the  cutlass  has  to  be  used  freely,  while  a  little  farther  a  for- 
est tree  has  fallen  right  across  the  stream,  giving  perhaps  an  hour's 
work  with  the  ax  before  the  canoe  can  be  pushed  through,  hauled  over, 
or  drawn  under. 

On  leaning  trunks  or  projecting  branches  the  catasetums  are  gener- 
ally plentiful.  There  are  several  species,  which  live  under  entirely 
different  conditions,  and  taken  altogether,  this  genus  is  perhaps  the 
best  example  of  adaptation  to  circumstances  in  the  orchid  family.  On 
the  borders  of  the  swamps,  where  only  the  eta  palm  will  grow,  Gatase- 
tum  longifolium  finds  a  congenial  home  among  its  lower  fronds.  There 
the  orchid  hangs  downward  and  waves  its  long  grass  like  leaves  in  the 
wmd.  Gatasetum  discolor ,  as  a  contrast,  has  come  down  to  the  ground, 
and  on  the  sand  reef,  where  the  forest  trees  find  it  hard  to  live,  this 
species  revels  in  the  poorest  soil.  Being  provided  with  large  pseudo 
bulbs,  the  Gatasetum  eadares  the  change  of  seasons  without  injury. 
Although  its  leaves  are  generally  thin  and  are  liable  to  be  dried  up 
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during  a  drought,  this  does  not  injure  it,  as  the  reservoir  of  food  enables 
it  to  wait  patiently  and  even  flower  under  such  conditions  as  might  be 
fatal  to  many  other  orchids.  As  if  this  were  not  enough,  several 
species  have  developed  a  faculty  which  is  almost  unique  in  plants, 
although  well  known  in  the  case  of  bees,  that  of  producing  male  or 
female  according  to  circumstances.  In  the  case  of  Catasetum  tridenta- 
tum  there  are  three  distinct  shapes  of  flowers,  which  diflfer  so  much  from 
each  other  that,  until  Schomburgk  found  them  growing  on  the  same 
plant, they  were  described  not  only  as  separate  species,  but  even  differ- 
ent genera.  The  male  was  known  as  Myanthus  barbatus,  the  female  as 
Monachanthus  viridiSy  while  the  third  form,  which  appears  to  be  her- 
maphrodite, went  by  what  is  now  the  name  of  the  species,  Catasetum 
tridentatum.  When  this  plant  has  plenty  of  food  it  produces  a  spike 
of  female  or  hermaphrodite  flowers,  which  are  thick  and  fleshy,  resem- 
bling in  shape  an  old-fashioned  woman's  cap  or  sunbonnet.  These 
flowers  and  their  attendant  capsules  require  a  special  effort,  and  can 
only  be  satisfactorily  produced  when  the  plant  is  in  good  condition. 
During  a  drought,  when  the  plant  is  half  starved,  it  would  be  unable 
to  support  such  a  strain,  therefore  a  few  lighter  and  more  elegant  male 
flowers  are  produced,  and  as  there  will  always  be  some  stronger  plants 
to  produce  those  of  the  opposite  sex  the  work  of  the  weaker  is  not  lost. 

If  one  passes  under  one  of  these  plants  when  in  flower,  a  swarm  of 
yellow  and  black  bumblebees  {Eulema  dimidiata)  are  seen  hovering  in 
its  neighborhood  and  flying  from  flower  to  flower.  Except  in  this 
locality  not  a  single  bee  is  to  be  seen,  and  perhaps  a  collector  might 
search  for  miles  without  finding  a  specimen.  But  when  the  Catasetum 
opens,  whether  it  is  hidden  in  the  fork  of  a  tree,  perched  far  up  among 
the  foliage  of  the  eta,  or  on  sand  thrown  up  ftt)m  a  charcoal  pit,  the  in- 
sect is  sure  to  find  it  out.  The  flowers  are  not  generally  brilliant  or 
showy,  neither  have  they,  like  the  Stanhopeas,  any  strong  perfumes, 
but  nevertheless  the  bees  discover  them  at  once.  Even  in  George- 
town, where  many  orchids  do  not  find  their  fertilizing  agents,  and  con- 
sequently remain  barren,  no  sooner  does  the  spike  of  flowers  open  than 
the  bees  swarm  round  it.  However  it  may  be  obstructed  by  foliage  or 
hidden  in  some  out-of-the-way  comer,  the  buzzing  is  heard  in  the  early 
morning,  telling  anyone  who  has  his  eyes  open  that  a  Catasetum  is 
flowering.  Having  succeeded  in  attracting  the  bee  from  a  distance  in 
some  unaccountable  way,  a  feast  is  provided  in  the  shape  of  a  little 
reservoir  of  nectar,  to  procure  a  sip  of  which  the  bee  has  to  bring  its 
head  in  contact  with  a  pair  of  incurved  antennae,  one  of  which  is  very 
sensitive.  Immediately  on  touching  this  the  cover  of  the  little  case 
containing  the  pollen  masses  flies  off,  and,  like  a  skip  jack,  these  spring 
out,  when,  by  means  of  a  sticky  disk  with  which  they  are  provided, 
they  adhere  to  the  back  of  the  insect  and  are  carried  to  another  flower. 
Here  the  pollen  masses  come  in  contact  with  the  stigma  and  the  flower 

fertilized. 
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Hanging  from  a  creeper  or  branch  may  be  seen  here  and  there  an 
oval,  bag-like  mass  of  aerial  roots^  something  like  one  of  the  nests  of  the 
tronpials  so  common  on  the  silk  cotton  tree,  above  which  are  the 
pseudo  bulbs  and  leaves  of  that  wonderful  orchid,  the  Coryanthes. 
After  throwing  out  two  or  three  roots  to  attach  itself  to  its  support,  it 
develops  an  interlacing  network  all  round,  in  a  way  almost  peculiar  to 
the  genus.  At  first  sight  it  would  be  hard  to  say  what  purpose  could 
be  served  by  such  a  contrivance,  but  strike  or  shake  the  plant  and  it 
will  be  seen  that  it  is  nothing  less  than  a  veritable  aufs  nest.  The 
orchid  is,  like  other  plants,  subject  to  the  attacks  of  many  foes  such 
as  cockroaches  and  larvae,  which  are  particularly  fond  of  the  aerial  roots. 
To  protect  itself  against  these,  the  Coryanthes  has  chosen  to  provide 
a  comfortable  nest,  wherein  a  garrison  of  carnivorous  ants  find  shelter, 
they,  in  return  tor  the  accommodation,  being  ready  to  come  out  and 
fight  at  the  first  alarm  of  an  enemy.  Other  orchids  which  live  in  the 
tree  tops  are  not  so  subject  to  crawling  insects  as  those  nearer  the 
ground,  and  for  that  reason  it  appears  that  they  have  never  seen  the 
necessity  for  this  special  protection.  Epidendron  (Diacrium)  bicornu- 
turn  has  obviously  felt  this  need,  and  set  to  work  in  its  own  way  to 
accommodate  a  garrison.  Being  provided  with  long,  cylindrical  pseudo- 
bulbs,  it  has  left  these  hollow,  and  for  a  doorway,  allowed  the  shell  to 
split  for  about  a  quarter  of  an  inch  at  the  base.  In  these  well-pro- 
tected homes  the  ants  live  and  thrive,  and  in  return  for  their  lodging, 
like  those  of  the  Coryanthes,  are  a  standing  terror  to  evil  doers.  Other 
orchids,  such  as  Oongora^  provide  a  half-shelter  for  ants,  but  their 
eflTorta  in  that  way  are  of  little  importance  as  compared  with  Cory- 
anthes and  Diacrium. 

Having  provided  a  guard  against  crawling  vermin,  the  Coryanthes 
proceeds  to  develop  a  most  wonderful  flower,  in  which  every  part  is 
obviously  formed  to  attract  a  particular  insect.  The  majority  of  insect- 
fertilized  flowers  are  grateful  for  the  visits  of  either  bees,  butterflies,  or 
flies,  but  not  so  the  Coryanthes.  It  has  laid  itself  out  only  to  catch 
and  utilize,  without  hurting  it,  a  beautiful  metallic  green  bee  {Euglossa 
aurata).  From  the  base  of  one  of  its  pseudo  bulbs,  a  long  flower  stem 
is  produced,  which  pushes  itself  straight  downwards.  Upon  this  it 
hangs  a  number  of  beautiful  cups,  into  each  of  which  a  liquid  drips 
from  two  horn  like  processes  in  the  upper  part  of  the  flower.  Take  a 
china  teacup  with  a  spreiiding  mouth,  hang  some  little  flags  over  the 
handle,  and  stick  a  model  of  the  figurehead  of  a  Polynesian  canoe  oppo- 
site, and  you  have  something  like  one  of  them,  as  it  opens  itself  in  the 
early  morning  from  a  bud  resembling  the  swathing  of  a  Chinese  hidy's 
foot.  The  species  vary  in  color  and  markings,  being  generally  whitish 
or  yellow,  blotched  and  spotted  with  crimson.  Their  odor,  as  judged 
by  our  standard,  is  not  pleasant,  but  nevertheless  it  is  very  attractive 
to  the  bees,  which  immediately  on  their  opening  swarm  round  in  great 
numbers.    Flying  toward  the  flower,  as  a  moth  to  a  candle,  the  bee  falls 
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into  the  liquid  which  covers  the  bottom,  and  wetting  its  wings,  is  un- 
able to  use  them.  Look  into  the  cup  and  you  will  see  a  dozen  bees 
swimming  round  and  round,  or  vainly  trying  to  climb  the  slippery  sides, 
and  if  it  is  the  second  day  after  opening,  one  or  two  may  be  seen 
drowned.  It  was  never  the  intention  of  the  flower,  however,  that  their 
lives  should  be  sacrificed,  but  on  the  contrary,  that  they  should  escape, 
and  in  doing  so  perform  the  oflftce  for  which  the  whole  contrivance  has 
been  arranged.  Under  the  flags,  where  the  column  comes  near  but 
does  not  actually  touch  the  cup,  is  a  narrow  opening,  through  which 
the  bee  can  push  its  way  out.  In  doing  this  it  has  to  use  suflScient  force 
to  widen  the  gap,  which  opens  like  a  spring  door,  when  it  comes  in  con- 
tact with  the  pollen  case,  ruptures  it,  and  carries  off  the  male  organ  on 
its  back.  Not  being  able  to  fly,  there  is  nothing  to  be  done  but  to 
crawl  over  the  flower  spike,  where,  heedless  of  its  former  trouble,  it 
soon  finds  itself  inside  another  flower.  In  making  its  way  out,  the  pol- 
len masses  are  rubbed  on  the  stigma,  and  the  ovary  fertilized,  after 
which  it  may  carry  out  tne  pollen  masses  of  this  flower  in  turn  to  fertil- 
ize another.    -    -    - 

Another  side  of  the  struggle  for  life  is  exemplified  on  the  sand  reefs. 
Extending  for  miles,  large  expanses  of  white  ridges  vary  the  monot- 
ony of  dense  forest  and  stream.  Here  and  there,  between  clumps  of 
low  bushes,  the  open  space  glares  with  reflected  light  and  heat,  while 
the  sand  itself  is  so  hot  that  the  barefooted  Indian  is  obliged  to  peel 
two  pieces  of  bark  to  protect  the  soles  of  his  feet  against  it.  Without 
such  an  excessive  rainfall  as  that  of  Guiana,  these  reefs  would  be  quite 
barren,  but  under  the  circumstances,  the  hardier  shrubs  and  a  few 
trees  manage  to  exist.  Where  forest  trees  have  succeeded  in  obtaining 
a  footing  they  push  their  roots  far  down  below  the  surface,  where  the 
sand  is  moist  and  cool,  but  finding  little  food,  they  naturally  grow 
much  slower  and  are  more  hardy  than  the  same  species  in  the  dense 
forest.  For  this  reason  timber  from  such  places  is  always  highly  val- 
ued, as  being  free  from  sap.  Here  it  is  no  longer  a  fight  with  each 
other,  but  a  hard  struggle  for  bare  existence.  Everything  is  arid  and 
dry,  the  shrubs  being  strong  and  sturdy,  though  small,  while  the  few 
herbaceous  plants  have  leaves  especially  fitted  to  their  surroundings. 
Try  to  dig  up  one  of  these  and  you  may  scrape  away  for  many  feet 
before  you  get  beyond  the  tap  root.  Here,  in  contrast  with  the  "  high 
wood,"  annuals  are  seen  during  the  rainy  season.  Not  having  been 
able  to  develop  any  other  special  provision,  they  flower  and  die,  leav- 
ing their  seeds  to  germinate  after  the  drought  is  over.  Orchids  abound 
everywhere  upon  the  low  shrubs,  while  several  genera  have  succeeded 
in  accommodating  themselves  to  the  sand  itself.  Here  is  a  Cyrtopo- 
dium  with  a  magnificent  panicle  of  yellow  flowers,  but  whatafinepseu- 
do  bulb  is  this!  Three  to  four  feet  long,  and  thick  and  fleshy,  it  con- 
tains a  store  of  food  against  all  contingencies.    Unlike  its  relations  of 
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the  tree  tops,  it  revels  iu  the  glare,  only  partially  screening  itself  beside 
the  bushes. 

There  is  a  certain  amount  of  uniformity  in  the  ^^  high  woods,"  not- 
withstanding that  two  trees  of  the  same  species  are  hardly  ever  seen 
together.  The  conditions  being  the  same,  and  there  being  no  room  for 
developing  many  special  peculiarities,  the  result  to  an  ordinary  trav- 
eller is  rather  monotonous.  The  sand  reefs,  on  the  contrary,  show  a 
fertility  of  invention.  Here,  some  kinds  of  plants  entirely  alter  their 
character  with  their  habitat.  A  fern  (Schizcea),  instead  of  showing 
the  delicacy  of  form  and  texture  common  to  the  order,  has  changed 
itself  into  a  wiry  grass-like  creature,  without  beauty  or  comeliness. 
Lichens  and  mosses  take  advantage  of  the  slight  screen  of  the  clumps 
of  bushes,  and  grow  on  the  sand  as  well  as  on  the  branches.  Climbers 
run  along  the  sand,  while  the  demon  clusias  flourish  without  strangling 
their  neighbors.  Plants  whose  relatives  are  forest  giants  dwindle  here 
to  little  dwarf  shrubs  of  a  few  inches  high,  with  small  leaves  densely 
covered  with  hair  or  down  to  collect  the  dew  which  falls  so  plenteously 
in  the  dry  seasons. 

Much  more  could  be  said  on  the  various  aspects  of  this  great  struggle. 
Every  species,  and  even  every  individual,  is  worthy  of  attention.  It 
would  almost  seem  as  if  thousands  of  species  would  fall  and  become 
extinct,  and  that  such  has  been  the  case  there  can  be  no  doubt.  Never- 
theless, there  are  so  many  provisions  against  this,  that  on  the  other 
hand,  we  see  that  such  a  thing  is  comparatively  rare.  Opposed  to  the 
thousand  chances  against  the  individual,  nature  has  provided  a  thou- 
sand and  one  in  its  favor.  A  tree  with  a  multitude  of  flowers  will  pro- 
duce one  or  two  seeds  to  each,  while  an  orchid,  with  only  a  few,  often 
numbers  its  seeds  by  tens  of  thousands.  Some  trees  have  fruits  which 
are  food  for  beasts,  birds,  and  fishes,  but  with  all  this  there  will  always 
be  a  few  left  to  produce  others  of  the  same  species. 
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SOME  DIFFICULTIES  IN  THE  LIFE  OF  AQUATIC  INSECTS .♦ 


By  rrof.  L.  C.  Miall. 


We  UDderstand  insects  to  be  animals  of  small  size,  famished  with  a 
hard  skin  and  six  legs,  breathing  by  branched  air  tabes,  and  commonly 
provided  in  the  adnlt  condition  with  wings.  The  animals  thus  organ- 
ized are  pre-eminently  a  dominant  group,  as  is  shown  by  the  vast  num- 
ber of  the  species  and  individuals,  their  universal  distribution,  and  their 
various  habitat. 

The  insect  tjrpe,  like  some  fruitful  inventions  of  man — ^paper  or  lith- 
ography, for  instance — ^has  proved  so  successful  that  it  has  been  found 
profitable  to  adapt  it  to  countless  distinct  purposes.  I  propose  to  con- 
sider one  only  of  its  infinitely  varied  adaptations,  viz,  its  adaptation  to 
aquatic  life. 

There  are  insects  which  run  upon  the  earth,  insects  which  fly  in  the 
air,  and  insects  which  swim  in  the  water.  The  same  might  be  said  of 
three  other  classes  of  animals,  the  three  highest,  viz,  mammals,  birds, 
and  reptiles.  But  insects  surpass  all  other  classes  of  animals  in  the 
variety  of  their  modes  of  existence.  Owing  to  their  small  size  and  hard 
skin  they  can  burrow  into  the  earth,  into  the  wood  of  trees,  or  into  the 
bodies  of  other  animals.  There  are  some  insects  which  can  live  in  the 
water,  not  as  the  mammal,  bird,  or  reptile  does,  coming  up  from  time 
to  time  to  breathe,  but  constantly  immersed,  like  a  fish.  This  is  the 
more  remarkable  because  insects  are,  as  a  class,  air-breathers.  Air 
tubes  or  tracheae,  branching  tubes,  whose  walls  are  stiffened  by  spiral 
threads,  supply  all  the  tissues  of  the  body  with  air.  That  such  an  ani- 
mal should  be  hatched  in  water  and  live  almost  the  whole  of  its  life 
immersed,  a  thing  which  actually  happens  to  many  insects,  is  a  matter 
for  surprise,  and  implies  many  modifications  of  structure,  affecting  all 
parts  of  the  body. 

The  adaptation  of  insects  to  aquatic  conditions  seems  to  have  been 
brought  about  at  different  times,  and  for  a  variety  of  distinct  purposes. 
Many  dipterous  larv®  burrow  in  the  earth.  Some  of  these  frequent 
the  damp  earth  in  the  neighborhood  of  streams.  Others  are  found  in 
earth  so  soaked  with  water  that  it  might  almost  be  called  mud,  though 


•Evening  discourse,   delivered  before  the  British   Association,  C'anliff,  1891. — 
(From  Xatare,  September  10,  1891:  vol.  xuv,  pp.  457-461.) 
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they  breathe  by  occasionally  taking  in  atmospheric  air.  In  yet  more* 
specialized  members  of  the  same  order  we  find  that  the  larva  inhabits 
the  mud  at  the  bottom  of  the  stream,  and  depends  for  its  respiratioit 
entirely  upon  oxygen  dissolved  in  the  water.  The  motive  is  usually 
that  the  larva  may  get  access  to  the  decaying  vegetable  matter  found 
in  slow  streams,  but  some  of  these  larvae  have  carniverous  propensi- 
ties. 

Other  insects  merely  dive  into  the  water,  coming  up  from  time  to> 
time  to  breathe,  or  skate  upon  the  surface. 

Nearly  every  order  of  insects  contains  aquatic  forms,  and  the  total 
number  of  such  forms  is  very  large.  I  believe  that  all  are  modifications 
of  terrestrial  types,  and  it  is  probable  that  members  of  different  fami- 
lies have  often  betaken  themselves  to  the  water  independently  of  one 
another. 

The  diflftculties  which  aquatic  insects  have  to  encounter  begin  yiith 
the  egg.  It  is  in  most  cases  convenient  that  the  egg  should  be  laid  in 
water,  though  this  is  not  indispensable,  and  the  winged,  air-breathing 
fly  is  as  a  rule  ill  fitted  for  entering  water.  Some  insect  eggs  hatch  if 
they  are  merely  scattered,  like  grains  of  sand,  over  the  bottom  of  a 
stream,  but  others  must  be  laid  at  the  surface  of  the  water,  where  they 
can  gain  a  sufficient  supply  of  oxygen.  If  the  water  is  stagnant  it  will 
suffice  if  the  eggs  are  buoyant,  like  those  which  comi)ose  the  egg  raft, 
of  the  gnat,  but  this  plan  would  hardly  answer  in  running  streams,, 
which  would  carry  light,  floating  eggs  to  great  distances,  or  even  sweep 
them  out  to  sea.  Moreover,  floating  eggs  are  exposed  to  the  attacks 
of  hungry  creatures  of  various  kinds,  such  as  birds  or  predatory  insect 
larvae.  These  difficulties  have  been  met  in  the  cases  of  a  number  of 
insects  by  laying  the  eggs  in  chains  or  strings,  and  mooring  them  at 
the  surface  of  the  water.  The  eggs  are  invested  by  a  gelatinous  envel- 
ope, which  swells  out  the  moment  it  reaches  the  water  into  an  abun- 
dant, transparent  mucilage.  This  mucilage  answers  more  than  one 
puri)ose.  In  the  first  place  it  makes  the  eggs  so  slippery  that  birds  or 
insects  can  not  grasp  them.  It  also  spaces  the  eggs,  and  enables  each 
to  get  its  fair  share  of  air  and  sunlight.  The  gelatinous  substance 
appears  to  possess  some  antiseptic  property,  which  prevents  water 
moles  from  attacking  the  eggs;  for,  long  after  the  eggs  have  hatched 
out,  the  transparent  envelope  remains  unchanged.  The  eggs  of  the 
frog,  which  are  laid  in  the  stagnant  water  of  ditches  or  jHjnds,  float  free 
at  the  surface,  and  do  not  require  to  be  moored.  The  eggs  of  many 
snails  are  laid  in  the  form  of  an  adhesive  band,  which  holds  firmly  to 
the  stem  or  leaf  of  an  aquatic  plant.  Some  insects,  too,  lay  their  eggs 
in  the  form  of  an  adhesive  band.  In  other  cases  the  egg  chain  is  moored 
to  the  bank  by  a  slender  cord. 

The  common  two-winged  fly,  Chironomus,  lays  its  eggs  in  trans- 
parent cylindrical  ropes,  which  float  on  the  surface  of  the  water. 
During  the   summer  months   these  egg  ropes,  which  are   nearly  an 
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inch  ill  length,  may  readily  be  found  on  the  edges  of  a  stone  fountain 
in  a  garden,  or  in  a  water  trough  by  the  side  of  the  road.  The 
eggs  are  arranged  upon  the  outside  of  the  rope  in  loops,  which  bend  to 
right  and  left  alternately,  forming  sinuous  lines  upon  the  surface. 
Each  egg  rope  is  moored  to  the  bank  by  a  thread,  which  passes  through 
the  middle  of  the  rope  in  a  series  of  loops,  and  then  returns  in  as  many 
reversed  and  overlapping  loops,  so  as  to  give  the  appearance  of  a  lock 
stitch.  The  thread  is  so  tough  that  it  can  be  drawn  out  straight  with 
a  needle  without  breaking.  If  the  egg  rope  is  dipped  into  boiling 
water  the  threads  become  apparent,  but  in  the  natural  state  they  are 
invisible,  owing  to  their  transparency.  The  mucilage  is  held  together 
by  the  threads  inter-woven  with  the  mucilage.  The  loops  can  be 
straightened  without  injury  until  the  length  of  the  rope  is  almost 
doubled.  If  stretched  beyond  this  point  the  threads  become  strained 
and  do  not  recover  their  original  shape  when  released.  By  means  of 
these  threads,  firmly  inter- woven  with  the  mucilage  of  the  egg  rope,  the 
whole  mass  of  many  hundreds  of  eggs  is  firmly  moored,  yet  so  moored 
that  it  floats  without  strain,  and  rises  or  falls  with  the  stream.  The 
eggs  get  all  the  sun  and  air  which  they  require,  and  neither  predatory 
msects,  nor  birds,  nor  water  molds,  nor  rushing  currents  of  water, 
can  injure  them. 

The  eggs  of  the  caddis-fly  are  laid  in  larger  ropes,  which,  in  some 
species,  are  very  beautiful  objects,  owing  to  the  grass-green  color  of 
the  eggs.  The  egg  raft  of  the  gnat,  which  has  often  been  described, 
is  well  suited  to  flotation  in  stagnant  water,  and  is  freely  exposed  to 
the  air,  a  i)oint  of  unusual  importance  in  the  case  of  an  insect  which  in 
all  stages  of  growth  seems  to  need  the  most  eflftcient  means  of  respira- 
tion, and  whose  eggs  are  usually  laid  in  water  of  very  doubtful  purity. 
The  lower  or  submerged  end  of  each  egg  opens  by  a  lid,  and  through 
this  opening  the  larva  at  length  escapes. 

The  eggs  of  water-haunting  insects  are  in  many  ways  particularly 
well  suited  for  the  study  of  development.  The  eggs  of  Cbironomus, 
for  instance,  can  always  be  procured  during  the  summer  months.  They 
are  so  transparent  as  to  admit  of  examination  under  high  powers  of 
the  microscope  as  living  objects,  and  as  they  require  no  sort  of  prep- 
aration, they  may  be  replaced  in  the  water  aft^r  each  examination  to 
continue  their  development.  This  saves  all  trouble  in  determining 
the  succession  of  the  different  stages,  a  iK)iut  which  usually  presents 
difficulties  to  the  embryologist.  The  whole  development  of  the  egg  of 
Chironomus  is  completed  in  a  few  days  (three  to  six,  according  to  tem- 
perature), and  it  is  therefore  an  easy  matter  to  follow  the  process 
throughout  with  the  help  of  three  or  four  chains  of  eggs. 

When  the  larvae  are  hatched  and  escape  into  the  water,  new  diflftcul- 
ties  arise.  Some  have  to  seek  their  food  at  the  surface  of  the  water, 
and  must  yet  be  always  immersed,  others  live  upon  food  which  is  only 
to  be  found  in  rapid  streams,  and  these  run  serious  risk  of  being  swept 
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away  by  the  rush  of  water.  All  need  at  least  a  moderate  supply  of 
oxygen,  which  has  either  to  be  drawn  from  the  air  at  the  surface,  or 
extracted  from  the  water  by  special  organs.  The  difficulty  of  breathing 
is  of  course  greatly  increased  when  the  larva  seeks  its  food  at  the 
bottom  of  foul  streams,  as  is  the  case  with  certain  Diptera.  The  larva 
of  Chironomus,  for  example,  feeds  upon  vegetable  matter,  often  in  a 
state  of  decay,  which  is  obtained  from  the  mud  at  the  bottom  of  slow 
streams,  and  in  this  mud  the  larva  makes  burrows  for  itself,  cementing 
together  all  sorts  of  materials  by  the  secretion  of  its  salivary  glands 
drawn  out  into  fine  silken  threads.  The  burrows  in  which  the  larva 
lives  frirnish  an  important  defense  against  fishes  and  other  enemies, 
^ut  they  still  further  increase  the  difficulty  of  procuring  a  supply  of 
air.  Hence,  the  larva  frequently  quits  its  burrow,  especially  by  night, 
and  swims  towards  the  surface.  At  these  times  it  loops  its  body  to  and 
fro  with  a  kind  of  lashing  movement,  and  is  thus  enabled  to  advance 
and  rise  in  the  water.  From  the  well-aerated  water  at  the  surface  of 
the  stream  it  procures  a  free  supply  of  oxygen,  which  becomes  dis- 
solved in  the  abundant  blood  of  the  larva.  Four  delicate  tubes  filled 
with  blood,  which  are  carried  upon  the  last  segment  of  the  body,  are 
believed  to  be  especially  intended  for  the  taking  up  of  dissolved  oxy- 
gen. The  tracheal  system  is  rudimentary  and  completely  closed,  and 
hence  gaseous  air  can  not  be  taken  into  the  body.  The  dissolved  oxy- 
gen, procured  with  much  exertion  and  some  risk,  must  be  stored  up 
within  the  body  of  the  larva,  and  used  with  the  greatest  economy.  It 
is  apparently  for  this  reason  that  the  larva  of  Chironomus  contains  a 
blood  red  pigment,  which  is  identical  with  the  haemoglobin  of  verte- 
brate animals.  The  haemoglobin  acts  in  the  Chironomus  larva,  as  it 
does  in  our  own  bodies,  as  oxygen-carrier,  readily  taking  up  dis- 
solved oxygen,  and  parting  with  it  gradually  to  the  tissues  of  the  body. 
It  is  instructive  to  notice  that  only  such  Chironomus  larvae  as  live 
at  the  bottom  and  burrow  in  the  mud  possess  the  red  haemoglobin. 
Those  which  live  at  or  near  the  surface  have  colorless  blood,  and  a 
more  complete — though  still  closed — tracheal  system.  The  larva  of  the 
carnivorous  Tanypus,  which  is  found  in  the  same  streams,  but  does 
not  burrow,  has  a  much  more  complete  tracheal  system,  and  only 
enough  haemoglobin  to  give  a  pale  red  tint  to  the  body.  The  larva  of 
the  gnat,  again,  which  has  a  large  and  open  tracheal  system,  and  in  all 
stages  of  growth  inhales  gaseous  air,  has  no  haemoglobin  at  all.  A  list 
of  the  many  animals  of  all  kinds  which  contain  hemoglobin  shows  that 
for  some  reason  or  another  each  of  them  requires  to  use  oxygen  econom- 
ically. Either  the  skin  is  thick,  and  the  respiratory  surface  limited,  or 
they  are  inclosed  in  a  shell  or  they  burrow  in  earth  or  mud.  We  might 
expect  to  find  that  haemoglobin  would  always  be  developed  in  the  blood 
of  animals  whose  respiration  is  rendered  difficult  in  any  of  these  ways, 
but  any  such  exi)ectation  would  prove  to  be  unfounded,  and  there  are 
many  animals  whose  mode  of  life  renders  it  necessary  that  oxygen 
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should  be  stored  and  ecouomically  used,  which  contain  no  haemoglobin 
in  their  blood.  Hence,  while  we  have  a  tolerably  satisfactory  reason 
for  the  ocxjurrence  of  haemoglobin  in  a  number  of  animals  whose  respi- 
ratory surface  is  limited,  and  whose  surroundings  make  it  a  matter  of 
diflBculty  to  procure  a  sufficient  supply  of  oxygen,  we  have  to  admit 
that  many  similar  animals~4inder  the  same  conditions  manage  perfectly 
well  without  haemoglobin.  Such  ailmission  is  not  a  logical  refutation 
of  the  explanation,  I  might  fairly  put  forward  the  baldness  of  man- 
kind as  at  least  the  principal  reason  for  wearing  wigs,  and  this  expla- 
nation would  not  be  impaired  by  any  number  of  cases  of  bald  men  who 
do  not  wear  wigs.  The  fact  is  that  the  respiratory  needs  (even  of 
closely  allied  animals)  vary  greatly,  and  further,  there  are  more  ways 
than  one  of  acquiring  and  storing  up  oxygen  in  their  bodies. 

Either  the  storage  capacity  for  oxygen  of  the  Chironomus  larva  is 
considerable,  or  it  must  be  used  very  carefully,  for  the  animal  can  sub- 
sist long  without  a  fresh  supply.  I  took  a  flask  of  distilled  water, 
boiled  it  for  three-quarters  of  an  hour,  closed  it  tight  with  an  India- 
rubber  bung,  and  left  it  to  cool.  Then  six  larvjc  were  introduced,  the 
small  space  above  the  water  being  at  the  same  time  filled  up  with  car- 
bonic acid.  The  bung  was  replaced  and  the  larvje  was  watched  from 
day  to  day.  Four  of  the  larvte  survived  for  forty-eight  hours,  and  one 
till  the  fifth  day.  Two  of  tliem  changed  to  pupae.  Nevertheless,  the 
water  was  from  the  first  exhausted  of  oxygen,  or  nearly  so. 

The  Chironomus  larva  is  provided  with  implements  suited  to  its  mode 
of  life.  The  head,  which  is  extremely  small  and  hard,  carries  a  pair  of 
stout  jaws,  besides  a  most  complicated  array  of  hooks,  some  fixed,  some 
movable.  The  use  of  these  minute  appendages  can  not  always  be 
assigned,  but  some  of  them  are  apparently  employed  to  guide  the  silky 
threads  which  issue  from  the  salivary  glands.  The  first  segment  behind 
the  head  carries  a  pair  of  stumi)y  legs,  which  are  set  with  many  hooks. 
These  are  mainly  used  in  progiession,  and  helj)  the  larva  to  hitch  itself 
to  and  fro  in  its  burrow.  A  similar,  but  longer  pair  of  hooked  feet,  is 
found  at  the  end  of  the  body.  This  hinder  pair  serves  to  attach  the 
animal  to  its  burrow  when  it  stretches  forth  in  search  of  food. 

Creeping  aquatic  larva?,  such  as  Ephydra,  possess  several  pairs  of 
legs  in  front  of  the  last  pair,  but  the  burrowing  species,  such  as  caddis- 
worms,  agree  with  Chironomus,  not  only  in  their  mode  of  life,  but  also 
in  the  reduction  of  the  abdominal  legs  to  a  single  pair,  which  are  con- 
spicuously hooked. 

The  larval  head  in  this,  as  in  many  other  aquatic  insects,  is  far 
smaller  and  simpler  than  that  of  the  fly.  The  larval  head  is  little  more 
than  an  implement  for  biting  and  spinning,  by  no  means  such  a  seat 
of  intelligence  as  it  is  in  higher  animals.  In  Chironomus  it  contains  no 
brain;  the  eyes  are  mere  specks  of  pigment,  and  the  antenna?  are 
insignificant.  But  the  head  of  the  fly  incloses  the  brain,  and  bears 
elaborate  organs  of  special  sense— many-facetted  eyes,  and  in  the  male 
H.  Mis.  334,  pt.  1 23 


Digitized  by  VjOOQ IC 


354      SOME  DIFFICULTIES  IN  THE  LIFE  OF  AQUATIC  INSECTS. 

beautifal  plumed  antennae.  This  difference  in  size  and  complexity 
probably  explains  the  fact  that  the  head  of  the  fly  is  not  developed 
within  the  larval  head,  but  in  the  thorax.  It  is  only  at  the  time  of 
pupation  that  it  becomes  everted,  and  its  appendages  assume  the  posi- 
tion which  they  are  ultimately  intended  to  occupy. 

At  length  the  Chironomus  wiggles  out  of  the  larval  skin,  and  is 
transformed  into  a  pupa.  It  no  longer  requires  to  feed,  and  the  mouth 
is  completely  closed.  It  is  equally  unable  to  burrow,  and  usually  lies 
on  the  surface  of  the  mud.  Two  tufts  of  silvery  respiratory  filaments 
project  from  the  fore  end  of  the  body  just  behind  the  future  head,  and 
these  wave  to  and  fro  in  the  water,  as  the  animal  alternately  flexes  and 
extends  it«  body.  At  the  tail  end  are  two  flaps,  fringed  with  stout 
bristles,  which  form  a  kind  of  fan.  The  pupa  virtually  consists  of  the 
body  of  the  fly,  inclosed  within  a  transparent  skin.  The  organs  of  the 
fly  are  already  complete  externally,  and  even  in  microscx)pic  detail  they 
very  closely  resemble  those  of  the  perfect  animal.  These  parts  are 
however  as  yet  very  imperfectly  displayed.  The  wings  and  legs  are 
folded  up  along  the  aides  of  the  body,  and  are  incapable  of  independent 
movement.  For  two  or  three  days  there  is  no  outward  change,  except 
that  the  pupa,  which  originally  had  the  blood-red  color  of  the  larva, 
gradually  assumes  a  darker  tint.  The  trachciil  system,  which  was 
quite  rudimentary  in  the  larva,  but  is  now  greatly  enlarged,  becomes 
filled  with  air,  secreted  from  the  water  by  the  help  of  the  respiratory 
tufts,  and  the  pupa  floats  at  the  surface.  At  last  the  skin  of  the  back 
splits,  the  fly  extricates  its  limbs  and  other  appendages,  pauses  for  a 
moment  upon  the  floating  pupa  case,  as  if  to  dry  its  wings,  and  then 
flies  away. 

This  fly  is  a  common  object  on  our  window-panes,  and  would  be  called 
a  gnat  by  most  people.  It  can  be  easily  distinguished  from  a  true  gnat 
by  its  habit  of  raising  the  forelegs  from  the  ground  when  at  rest.  It 
is  entirely  harmless,  and  the  mouth  parts  can  neither  pierce  nor  suck. 
Like  many  other  Diptera,  the  flies  of  Chironomus  associate  in  swarms, 
which  are  believed  in  this  case  to  consist  entirely  of  males.  The  male 
fly  has  plumed  antennae,  with  dilated  basal  joints.  In  the  female  fly  the 
antennae  are  smaller  and  simpler,  as  well  as  more  widely  separated. 

In  brisk  and  lively  streams  another  Dipterous  larva  may  often  be 
found  in  great  numbers.  This  is  the  larva  of  Simulium,  known  in  the 
winged  state  as  the  sand  fly.  The  Simulium  larva  is  much  smaller  than 
that  of  Chironomus,  and  its  blood  is  not  tinged  with  red.  The  head  is 
provided  with  a  pair  of  ciliary  organs,  fan-like  in  shape,  consisting  of 
many  longish  filaments,  and  borne  upon  a  sort  of  stem.  The  fringed 
filaments  are  used  to  sweep  the  food  into  the  mouth.  The  larva  of 
Simulium  subsists  entirely  upon  microscopic  plants  and  animals. 
Among  these  are  great  numbers  of  diatoms,  and  the  stomach  is  usually 
'^  half  ftiU  of  the  flinty  valves  of  these  microscopic  plants.  The 
'    livva  seeks  its  food  in  rapid  currents  of  water,  and  a  brisk 
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flow  of  well-aerated  water  has  apparently  become  a  necessity  to  it.  If 
the  larvje  are  taken  out  of  a  stream  and  placed  in  a  vessel  of  clear  water, 
they  soon  become  sluggish,  and  in  warm  weather  do  not  survive  very 
long.  It  matters  little  however  to  the  larvae  whether  the  water  in 
which  they  live  is  i>ure  or  impure,  and  streams  which  are  contamiuated 
with  sewage  often  (contain  them  in  great  abundance.  There  are  no 
externally  visible  organs  of  respiration,  but  the  skin  is  supplied  by  an 
abundant  network  of  fine  tracheal  branches,  which,  no  doubt,  take  up 
oxygen  from  the  well-areated  water  in  which  the  animal  lives.  From 
this  network  at  the  surface  branches  pass  to  supply  all  the  internal 
organs.  The  Simulium  larva  is  found  upon  aquatic  weeds,  and  the 
pair  of  hindfeet,  which  in  Chironomus  were  shaped  so  as  to  enable  the 
larva  to  hold  on  to  its  burrow,  here  become  altered,  so  as  to  ftirnish  a 
new  means  of  attachment.  Tlie  two  feet  are  completely  united  into 
one.  The  two  clusters  of  hooks  found  in  the  Chironomus  larva  form 
now  a  circular  coronet,  and  the  center  of  the  inclosed  space  becomes 
capable  of  being  retracted  by  means  of  muscles  which  are  inserts  into 
it  from  within.  The  larva  is  thus  enabled  to  adhere  to  the  smooth  sur- 
face of  a  leaf,  holding  on  by  its  sucker,  which  is,  no  doubt,  aided  by  the 
circle  of  sharp  hooks.  EflScieut  as  this  adhesive  organ  undoubtedly 
is,  it  must  be  liable  to  derangement  by  occasional  accidents,  as  for 
instance  if  there  should  be  a  sudden  rush  of  water  of  unusual  violence, 
or  if  the  larva  should  be  obliged  to  quit  its  hold  in  order  to  avoid  some 
dangerous  enemy.  In  the  case  of  such  an  accident  it  is  not  easy  to  see 
how  it  will  ever  recover  its  footing.  Swept  along  in  a  rapid  current, 
we  might  suppose  that  there  would  be  but  a  slender  probability  of  its 
ever  finding  itself  favorably  placed  for  the  application  of  its  sucker 
and  hooks.  But  such  emergencies  have  been  carefully  provided  for. 
The  salivary  glands,  or  silk  organs,  which  the  Chironomus  larva  uses 
in  weaving  the  wall  of  its  burrow,  ftirnish  to  the  Simulium  larva  long 
mooring  threads,  by  means  of  which  it  is  anchored  to  the  leaf  upon 
which  it  lives.  Even  if  the  larva  is  dislodged,  it  is  not  swept  far  by 
the  stream,  and  can  haul  itself  in  along  the  mooring  thread  in  the  same 
way  that  a  spider  or  a  Geometer  larva  climbs  up  the  thread  by  which, 
when  alarmed,  it  descended  to  the  ground. 

When  the  time  for  pupation  comes  special  provision  has  to  be  made 
for  the  peculiar  circumstances  in  which  the  whole  of  the  aquatic  life  of 
the  Simulium  is  passed.  An  inactive  and  exposed  pupa,  like  that  of 
Chironomus,  may  fare  well  enough  on  the  sofb  muddy  bottom  of  a  slow 
stream,  but  such  a  pupa  would  be  swept  away  in  a  moment  by  the  cur- 
rents in  which  Simulium  is  most  at  home.  When  the  time  of  pupation 
draws  near  the  insect  constructs  for  itself  a  kind  of  nest,  not  unlike  in 
shape  the  nest  of  some  swallows.  This  nest  is  glued  fast  to  the  surface 
of  a  water-weed.  The  salivary  glands,  which  furnished  the  mooring 
threads,  supply  the  material  of  which  the  nest  is  composed.  Sheltered 
within  this  smooth  and  tapering  case,  whose  pointed  tip  is  directed  up- 
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Stream,  while  the  open  mouth  is  turned  down  stream,  the  pupa  rests 
securely  during  the  time  of  its  transformation. 

When  the  pupa  case  is  first  formed  it  is  completely  closed  and  egg- 
shaped,  but  when  the  insect  has  cast  the  larval  skin  one  end  of  the 
case  is  knocked  off,  and  the  pupa  now  thrusts  the  fore  part  of  its  body 
into  the  current  of  water.  The  respiratory  filaments,  which  project 
immediately  behind  the  future  head,  just  as  in  Ghironomus,  draw  a  suf- 
ficient supply  of  air  from  the  continually  changed  water  around.  The 
rings  of  the  abdomen  are  furnished  with  a  number  of  projecting  hooks, 
which  are  able  to  grasp  such  objects  as  fine  threads.  The  interior  of 
the  cocoon  is  felted  by  a  number  of  silken  threads,  and  by  means  of 
these  the  pupa  gets  an  additional  grip  of  its  case.  K  it  is  forcibly  dis- 
lodged a  number  of  the  silken  threads  are  drawn  out  from  the  felted 
lining  of  the  case.  The  fly  emerges  into  the  running  water,  and  I  do  ^ 
not  know  how  it  manages  to  do  so  without  being  entangled  in  the  cur- 
rent of  water  and  swept  down  stream.  The  pupa  skin  splits  open  just 
as  it  does  in  Ghironomus,  but  remains  attached  to  the  cocoon. 

The  larva  of  the  gnat  is  perhaps  more  familiar  to  naturalists  of  all 
kinds  than  any  other  aquatic  dipterous  insect.  The  interesting 
description,  and  above  all  the  admirable  engravings  of  Swammerdam, 
now  more  than  two  hundred  years  old,  are  familiar  to  every  student  of 
nature. 

The  larva,  when  at  rest,  floats  at  the  surface  of  stagnant  water.  It& 
head,  which  is  provided  with  vibratile  organs  suitable  for  sweeping 
minute  particles  into  the  mouth,  is  directed  downwards,  and  when 
examined  by  a  lens  in  a  good  light  appears  to  be  bordered  below  by  a 
gleaming  band.  There  are  no  thoracic  limbs.  The  hind  limbs,  which 
were  long  and  hooked  in  the  burrowing  Ghironomus  larva,  and  reduced 
to  a  hook-bearing  sucker  in  Simulium,  now  disappear  altogether.  A 
new  and  peculiar  organ  is  developed  from  the  eighth  segment  of  the 
abdomen.  This  is  a  cylindrical  respiratory  siphon,  traversed  by  two 
large  air  tubes  which  are  continued  along  the  entire  length  of  the  body 
and  supply  every  part  with  air.  The  larva  ordinarily  rests  in  such  a 
position  that  the  tip  of  the  respiratory  siphon  is  flush  with  the  surface 
of  the  water,  and  thus  suspended,  it  feeds  incessantly,  breathing  unin- 
terruptedly at  the  same  time.  When  disturbed  it  leaves  the  surface 
by  the  sculling  action  of  its  broad  tail.  Once  below  the  surface  it  sinks 
slowly  to  the  bottom  by  gravity  alone,  which  shows  that  the  body 
is  denser  than  the  water.  We  have  therefore  to  explain  how  it  is 
enabled  to  float  at  the  surface  when  at  rest.  The  larva  does  not  will- 
ingly remain  below  for  any  length  of  time.  It  rises  by  a  jerking  move- 
ment, striking  rapid  blows  with  its  tail,  and  advancing  tail  foremost 
When  it  reaches  the  top  it  hangs  as  before,  head  downwards,  and 
resumes  its  feeding  operations. 

In  order  to  explain  how  the  larva  hangs  from  the  surface  against 
gravity,  I  must  trouble  you  with  some  account  of  the  properties 
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of  the  surface  film  of  water.  You  will  readily  believe  that  I  have 
nothing  new  to  communicate  on  this  subject,  and  I  venture  to  show 
you  a  few  very  simple  experiments,  merely  because  they  are  essential 
to  the  comprehension  of  what  takes  place  in  the  gnat.* 

In  any  vessel  of  pure  water,  the  particles  at  the  surface,  though  not 
differing  in  composition  from  those  beneath,  are  nevertheless  in  a 
peculiar  state.  I  will  not  travel  so  far  from  the  region  of  natural  his- 
tory as  to  offer  any  theoretical  explanation  of  this  state,  but  will 
merely  show  you  experimentally  that  there  is  a  surface  film  which  re- 
sists the  passage  of  a  solid  body  from  beneath.  [Mensbrugghe's  float 
shown.]  You  see  (I)  that  the  float  is  sufficiently  buoyant  to  rise  well 
out  of  the  water;  (2)  that,  when  forcibly  submerged,  it  rises  with  ease 
through  the  water  as  far  as  the  surface  film;  (3)  that  it  is  detained  by 
the  surface  film,  and  can  not  penetrate  it.  The  wire  pulls  at  the  sur- 
face film  and  distorts  it,  but  is  unable  to  free  itself.  In  the  same  way 
the  surface  film  resists  the  passage  of  a  solid  body  which  attempts  to 
penetrate  it  from  above.  This  will  be  readily  seen  if  we  throw  a  loop 
of  aluminium  wire  upon  the  surface  of  water.  [Experiment  shown.] 
The  loop  of  wire  floats  about  like  a  stick  of  wood.  Aluminium  is,  of 
course,  much  lighter  than  iron,  but  the  floating  of  this  little  bar  does 
not  mean  that  it  has  a  lower  density  than  that  of  water.  If  the  bar  is 
once  wetted,  it  sinks  to  the  bottom  and  remains  there.  Even  a  needle 
may,  with  a  little  care,  be  made  to  float  upon  the  surface  of  perfectly 
pure  water.  Still  more  readily  can  a  piece  of  metallic  gauze  be  made 
to  float  on  water.  [Experiment  shown.]  Air  can  pass  through  the 
meshes  with  perfect  ease;  water  also  can  pass  through  the  meshes  with 
no  visible  obstruction.  But  the  surface  film,  bounding  the  air  and 
water,  is  entirely  unable  to  traverse  even  meshes  of  appreciable  size. 
These  simple  experimental  results  will  enable  us  to  appreciate  certain 
facts  of  structure,  which  would  otherwise  be  hard  to  understand,  and 
which  have  been  wrongly  explained  by  naturalists  of  the  greatest  emi- 
nence, to  whom  the  physical  discoveries  of  this  century  were  unknown. 

We  may  now  try  to  answer  three  questions  about  the  larva  of  the 
gnat,  viz: 

(1)  How  is  it  able  to  break  the  surface  film  when  it  swims  upwards! 

(2)  How  is  it  able  to  remain  at  the  surface  without  muscular  effort, 
though  denser  than  water! 

(3)  How  is  it  able  to  leave  the  surface  quickly  and  easily  when 
alarmed! 

The  tip  of  the  respiratory  siphon  is  provided  with  three  flaps,  two 
large  and  similar  to  one  another,  the  third  smaller  and  differently 
shaped.  These  flaps  can  be  opened  or  closed  by  attached  muscles. 
When  open  they  form  a  minute  basin,  which,  though  not  completely 
closed,  does  not  allow  the  surface  film  of  water  to  enter.    When  closed 


*"  A  number  of  other  experiments,  illustrating  the  properties  of  the  surface  film  of 
water,  are  described  by  Prof.  Boys  in  his  delightful  book  on  **  Soap  Bubbles." 
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the  air  within  the  siphon  is  unable  to  escape.  At  the  time  when  the 
larva  rises  to  the  surface  the  pointed  tips  of  the  flaps  first  meet  the 
surface  film  and  adhere  to  it.  The  attached  muscles  then  separate  the 
flaps,  and  in  a  moment  the  basin  is  expanded  and  filled  with  air.  The 
surface  film  is  now  pulling  at  the  edges  of  the  basin,  and  the  pull  is 
more  than  sufficient  to  counterbalance  the  greater  density  of  the  body 
of  the  larva,  which  accordingly  hangs  from  the  surface  without  effort. 
When  the  larva  is  alarmed  and  wishes  to  descend  the  valves  close, 
their  tips  are  brought  to  a  point,  and  the  resisting  pull  of  the  surface 
film  is  reduced  to  an  unimportant  amount.  [Living  larvae  shown  by 
the  lantern.] 

Swammerdam  found  it  necessary  in  explaining  the  flotation  of  the 
larva  of  the  gnat  to  suppose  that  the  extremity  of  its  siphon  was  sup- 
plied with  an  oily  secretion  which  repelled  the  waiter.  No  oil  gland 
can  be  discovered  here  or  elsewhere  in  the  body  of  the  larva,  and, 
indeed,  no  oil  gland  is  necessary.  The  peculiar  i>roperties  of  the  sur- 
face film  explain  all  the  phenomena.  The  surface  film  is  unable  to 
penetrate  the  fine  spaces  between  the  flaps  for  precisely  the  same  rea- 
son that  it  is  unable  to  pass  through  the  meshes  in  a  piece  of  gauze. 

After  three  or  four  moults  the  larva  is  ready  for  pupation.  By  this 
time  the  organs  of  the  future  fly  are  almost  completely  formed,  and  the 
pupa  assumes  a  strange  shape,  very  unlike  that  of  the  larva. 

At  the  head  end  is  a  great  rounded  mass,  which  incloses  the  wings 
and  legs  of  the  fly,  besides  the  compound  eyes,  the  mouth  parts,  and 
other  organs  of  the  head.  At  the  tail  end  is  a  pair  of  flaps,  which  form  an 
efficient  swimming  fan.  The  body  of  the  pupa,  like  that  of  the  larva, 
is  abundantly  supplied  with  air  tubes,  and  a  communication  with  the 
outer  air  is  still  maintained,  though  in  an  entirely  different  way.  The 
air  tubes  no  longer  open  toward  the  tail  as  in  the  larva,  but  toward 
the  head.  Just  behind  the  head  of  the  future  fly  is  a  pair  of  trumpets, 
so  placed  that  in  a  position  of  rest  the  margins  of  the  trumpets  come 
flush  with  the  surface  of  the  water.  Floating  in  tliis  position  the  pupa 
remains  still  so  long  as  it  is  undisturbed,  but  if  attacked  by  any  of  the 
predatory  animals  which  abound  in  fresh  waters  it  is  able  to  descend  by 
the  powerful  swimming  movements  of  its  tail  fin. 

Not  that  the  descent  is  without  its  difficulties.  The  pupa  is  not  like 
the  larva,  denser  than  water,  but  buoyant.  There  are  two  respiratory 
tubes  in  the  pupa,  whereas  there  is  only  one  in  the  larva,  and  to  these 
two  tubes  the  surface  film  clings  with  a  tenacity  of  which  only  experi- 
ment can  give  an  adequate  idea.  Will  you  allow  me  to  give  you  a  little 
more  borrowed  physics? 

If  we  take  a  solid  body,  capable  of  being  wetted  by  water,  and  place 
it  in  water,  the  surface  film  will  adhere  to  the  solid.  If  the  solid  is 
less  dense  than  the  water  it  will  float  with  part  of  its  surface  out  of  the 
water.  Under  such  circumstances  the  surface  film  will  be  drawn  up- 
wards around  the  solid,  and  will  therefore  pull  the  solid  downwards. 
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But  if  the  solid  is  denser  than  the  water,  the  surface  film  around  the 
solid  will  be  pulled  downwards,  and  will  pull  the  solid  upwards.  Sup- 
pose that  a  solid  of  the  same  density  as  water  floats  with  part  of  itfl 
surface  in  contact  with  air,  and  that  weights  are  gradually  added  to  iti 
The  result  will  be  that  the  surface  of  the  water  around  the  upper  edge 
of  the  solid  will  become  more  and  more  depressed.  The  sides  of  the 
depression  will  take  a  more  vertical  x)osition,  until  at  last  the  upward 
pull  of  the  film  becomes  unable  to  withstand  further  increase  of  weight. 
If  this  point  is  passed,  the  solid  will  sink.  Before  this  point  is  attained, 
we  shall  have  the  solid,  though  denser  than  water,  kept  at  the  surface 
by  the  pull  of  the  surface  film. 

This  state  of  things  may  be  illustrated  by  a  model.  [Float  with  glass 
tube  attached  to  its  upper  surface.]  You  will  readily  see  that  the  float 
has  to  be  weighted  appreciably  in  order  to  break  the  connection  of  the 
tube  with  the  surface  film.  Now  the  pupa  of  the  gnat  has  a  pair  of  tubes 
which  are  in  like  manner  attached  to  the  surface  of  the  water.  When  it 
requires  to  descend,  the  pull  of  the  surface  film  would  undoubtedly  be 
considerable.  Adding  weight  to  the  body  is,  of  course,  impossible,  and  a 
great  exertion  of  muscular  force  would  be  wasteful  of  energy,  even  if  it 
could  be  put  forth.  The  gnat  deals  with  its  difficulty  in  a  neater  way 
than  this,  and  saves  its  muscular  jwwer  for  other  occasions.  Let  me  show 
you  a  method  of  freeing  the  float  from  the  surface,  which  was  suggested 
by  observation  of  what  was  seen  in  the  pupa  of  the  gnat.  A  thread 
wetted  with  water  is  drawn  over  the  mouth  of  each  tube.  It  cuts  the 
connection  with  the  surface,  and  the  float,  loaded  so  as  to  be  denser 
than  water,  goes  down  at  once.  Meinert  has  described  a  pencil  of  hairs 
which  appear  to  perform  the  same  office  for  the  pupa  of  the  gnat.  The 
hairs  draw  a  film  of  water  over  the  open  mouth  of  each  respiratory  tube, 
and  muscular  contraction,  used  moderately  and  economically,  does  the 
rest.  When  the  pupa  again  comes  to  the  surface  the  tubes  are  over- 
spread by  a  glistening  film  of  water.  This  is  partially  withdrawn  by  a 
movement  of  the  hairs,  so  that  a  chink  appears  by  which  air  can  be 
slowly  renewed.  When  the  insect  is  completely  tranquil,  the  hairs 
appear  to  withdi*aw  more  completely,  and  the  tube  suddenly  becomes 
free  of  all  film.  The  act  of  opening  or  closing  the  film  is  so  rapid — like 
the  wink  of  an  eye — that  I  can  not  pretend  to  have  observed  more  than 
the  closed  tube,  the  slightly  open  tube,  and  then  the  sudden  change  to 
a  completely  open  condition.    [Living  pupae  shown  by  the  lantern.] 

Another  Dipterous  larva  described  and  admirably  figured  by  Swam- 
merdam  is  the  larva  of  Stratiomys,  a  larva  which,  as  the  structure  of 
the  fly  shows,  belongs  to  an  altogether  different  group  from  Chirono- 
mus,  Simulium,  or  the  gnat.  Though  only  remotely  connected  with  the 
gnat  in  the  systems  of  zoologists,  the  Stratiomys  larva  has  learned  tlie 
same  lesson,  and  is  equally  well  fitted  to  take  advantage  of  the  peculiar 
properties  of  the  surface  film.  The  tail  end  of  the  Stratiomys  larva  is 
provided  with  a  beautiful  coronet  of  branched  filaments.    When  the 
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coronet  is  extended  it  forms  a  basin  open  to  the  air  and  iniper\iou8  to 
water,  by  reason  of  the  fineness  of  the  meshes  between  the  component 
filaments.  Were  tlie  larva  provided  with  a  basin  of  the  same  propor- 
tions formed  out  of  continuous  membrane,  it  might  float  and  breathe 
perfectly  well,  but  the  old  difficulty  would  come  back,  viz,  that  of 
freeing  itself  neatly  and  quickly  when  some  sudden  emergency  required 
tlie  animal  to  leave  the  surface.  As  it  is,  the  plumed  filaments  collapse 
and  their  points  approach ;  the  side  branches  are  folded  in,  and  the 
basin  is  in  a  moment  reduced  to  a  pear-shaped  body,  filled  with  a  glob- 
ule of  air,  and  reaching  the  surface  of  the  water  only  by  its  pointed 
extremity.  Down  goes  the  Stratiomys  larva  at  the  first  liintof  danger, 
swimming  through  the  water  with  swaying  and  looping  movements, 
somewhat  like  those  of  Chironomus.  When  the  danger  is  past,  it 
ceases  to  struggle  and  floats  again  to  the  surface.  The  pointed  tip  of 
its  tail  fringe  pierces  the  surface  film,  the  filaments  separate  once  more, 
and  the  floating  basin  is  restored. 

The  larva  of  Stratiomys  is  extremely  elongate.  The  length  of  its 
body  has  evidently  some  relation  to  the  mode  of  life  of  the  larva,  but 
none  at  all  to  that  of  the  fly  which  is  formed  within  it.  The  pupa  is  so 
much  smaller  than  the  larva  as  to  occupy  only  the  fore  part  of  the  space 
within  the  larval  skin.*  The  interval  becomes  filled  with  air,  and 
during  the  pupal  stage  the  animal  floats  at  the  surface  within  the 
empty  larval  skin. 

Stratiomys,  both  in  its  larval  and  pupal  states,  floats  at  the  surface 
of  the  water.  The  larva  can  descend  into  the  water  when  attacked, 
but  the  pupa  is  too  buoyant,  and  too  much  encumbered  by  its  outer 
case,  to  execute  any  such  maneuver.  Provision  has  accordingly  to  be 
made  for  the  protection  of  the  helpless  pupa  against  its  many  enemies. 
It  is  probable  that  hungry  insects  and  birds  mistake  the  shapeless  lar- 
val skin,  floating  passively  at  the  surface,  for  a  dead  object.  The  con- 
siderable space  between  the  outer  envelope,  or  larval  skin,  and  the 
body  of  the  pupa  may  keep  oft'  others,  for  the  first  bite  of  a  Dytiscus 
or  dragon-fly  larva  would  be  disappointing.  Still  further  security  is 
gained  by  the  texture  of  the  larval  skin  itself.  The  cuticle  consists  of 
two  layers.  The  inner  is  comparatively  soft  and  laminated,  while  the 
outer  layer  is  impregnated  with  calcareous  salts,  and  extremely  hard. 
The  needful  flexibility  is  obtained  bv  the  sub  division  of  the  hard  outer 
layer.  Seen  from  the  surface,  it  is  broken  up  into  a  multitude  of  hexag- 
onal fields,  each  of  which  forms  the  base  of  a  conical  projection,  reach- 
ing far  into  the  softer  layer  beneath.  The  conical  shape  of  these  calca- 
reous nails  allows  a  certain  amount  of  bending  of  the  cuticle,  while 
the  whole  exposed  surface  is  protected  by  an  armor,  in  which  even  the 
pointed  mandibles  of  a  Dytiscus  larva  can  find  no  eff*ective  chink. 


*  So  singular  is  the  disproportion  between  the  larva  and  the  iinpa  that  some  nat- 
uralists have  actually  described  the  latter  as  a  parasite  (Wcstwood's  ''Mod.  Class!- 
iicatiou  of  Insects,"  vol.  n,  p.  532). 
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The  larva  and  pupa  of  the  Dipterous  fly,  Ptyclioptera  paludoHUj  exhibit 
some  interesting  adaptations  of  the  tracheal  system  to  unusual  con- 
ditions. The  larva  is  found  in  muddy  ditches,  where  it  buries  itself 
in  the  black  ooze  to  a  depth  of  an  inch  or  two.  Here,  of  course,  it  can 
procure  no  oxygen,  either  gaseous  or  dissolved.  When  it  requires  a 
fresh  supply,  it  must  reach  the  surface  with  part  of  its  body,  and  to 
enable  it  to  do  so  with  the  h^ast  possible  exertion,  the  tail  end  of  the 
body  is  made  telescopic,  like  that  of  another  and  still  more  familiar 
Dipterous  larva,  Eristalis.  The  last  segments  are  drawn  very  fine,  and 
are  capable  of  a  very  great  amount  of  retraction  or  expansion.  No  vis- 
ible opening  for  the  admission  of  air  has  been  discovered,  nor  do  the 
hairs  form  a  floating  basin,  as  in  the  Stratiomys  larva.  The  larva  may 
be  often  seen  lying  just  beneath  the  surface,  which  is  broken  by  the  tip 
of  the  tail.  Whether  air  can  be  admitted  here  by  some  very  minute 
orifice,  or  whether  it  is  renewed  by  the  exchange  of  gases  through  a 
thin  membrane,  I  can  not  as  yet  venture  to  say.  In  shallow  water  the 
larva  may  be  occasionally  found  lying  on  or  in  the  mud,  and  stretching 
out  its  long  tail  to  the  surface.  In  deeper  water  it  often  floats  at  the 
surface. 

Two  tracheal  trunks  run  along  the  whole  length  of  the  body,  includ- 
ing the  slender  tail,  where  they  are  extremely  convoluted  and  un- 
branched.  Toward  the  middle  of  the  body  the  tracheae  become  greatly 
enlarged  in  the  center  of  each  segment,  the  intervening  portions,  from 
which  many  branches  are  given  off',  being  comparatively  narrow.  Each 
tube  therefore  resembles  a  row  of  bladders  connected  by  small  necks. 
A  cross  section  shows  that  the  tubes  are  not  cylindrical,  but  flattened, 
and  that,  while  the  lower  surface  is  stiffened  by  the  usual  parallel 
thickenings,  the  upi>er  surface  is  thrown  into  two  deep  longitudinal 
fUrrows,  so  that  it  is  really  inflated,  becoming  circular  in  section,  and 
readily  collapses  again  when  the  air  is  expelled.  It  seems  likely  that 
the  buoyancy  of  the  larva  can  thus  be  regulated,  and  a  larger  or  smaller 
quantity  of  air  taken  in  as  desired. 

The  pupa  has  a  pair  of  respiratory  tubes,  which  are  carried,  not  on 
the  tail,  but  on  the  thorax,  close  behind  the  head.  One  of  these  tubes 
is  very  long,  the  other  very  short.  The  long  tube  is  twice  as  long  as 
the  body  and  tapers  very  gradually  to  its  free  tip.  Here  we  find  a 
curious  radiate  structure,  rather  like  the  teeth  of  a  moss-capsule,  which 
seems  adapted  for  opening  and  closing.  There  is  however  no  orifice 
which  the  most  careful  scrutiny  has  succeeded  in  discovering.  A  deli- 
cate membrane  extends  between  the  teeth,  and  prevents  any  passage 
inward  or  outward  of  air  in  mass.  The  tube  incloses  a  large  trachea, 
the  continnation  of  one  of  the  main  tracheal  trunks.  This  is  stiffened 
by  a  spiral  coil,  but  at  intervals  we  find  the  coil  deficient,  while  the 
wall  of  the  tube  swells  out  into  a  thin  bladder.  However  the  tube  is 
turned,  a  number  of  these  bladders  come  to  the  surface.  As  the  pupa 
lies  on  the  surface  of  the  mud,  the  filament  floats  on  the  top  of  the 


Digitized  by  VjOOQ IC 


362      SOME  DIFFICULTIES  IN  THE  LIFE  OF  AQUATIC  INSECTS. 

water,  and  the  air  is  renewed  without  effort  through  the  thin-waUed 
bladders. 

Why  should  the  i)08ition  of  the  respiratory  organs  be  changed  from 
the  tail  end  in  the  larva  to  the  head  end  in  the  pupat  Ghironomus, 
the  gnat,  Oorethra,  and  many  other  aquatic  insects  exhibit  the  same 
phenomena.  Evidently  there  must  be  some  reason  why  it  is  more  con- 
venient for  the  larva  to  take  in  air  by  the  tail,  and  for  the  pupa  to  take 
in  air  by  the  head.  Let  us  consider  the  case  of  the  larva  first.  Where 
it  floats  from  the  surface,  or  pushes  some  part  of  its  body  to  the  sur- 
face, it  is  plain  that  the  tail  must  come  to  the  top  and  bear  the  respira- 
tory outlet,  for  the  heM  bears  the  mouth  and  mouth  organs,  and  must 
sweep  to  and  fro  in  all  directions,  or  even  bury  itself  in  the  mud  in 
quest  of  food.  To  divide  the  work  of  breathing  and  feeding  between 
the  opposite  ends  of  the  body  is  of  obvious  advantage,  for  the  breath- 
ing can  be  done  best  at  the  top  of  the  water,  and  the  feeding  at  the 
bottom,  or  at  least  beneath  the  surface.  Such  considerations  seem  to 
have  fixed  the  respiratory  organs  at  the  tail  of  the  larva.  Why  then 
need  this  arrangement  be  reversed  when  the  insect  enters  the  pupal 
stage  t  There  is  now  no  feeding  to  be  done,  and  it  surely  does  not 
signify  how  the  head  is  carried.  Why  should  not  the  pupa  continue 
to  breathe  like  the  larva,  by  its  tail,  instead  of  developing  a  new  appa- 
ratus at  the  opposite  end  of  its  body,  as  if  for  change's  sake!  Well, 
it  does  not  appear  that,  so  far  as  the  pupa  itself  is  concerned,  any  good 
reason  can  be  given  why  the  larval  arrangement  should  not  continue. 
But  a  time  comes  when  the  fly  has  to  escape  from  the  pupa  case.  The 
skin  splits  along  the  back  of  the  thorax,  and  here  the  fly  emerges, 
extricating  its  legs,  wings,  head,  and  abdomen  from  their  close-fitting 
envelopes.  The  mouth  parts  must  be  drawn  backward  out  of  their 
larval  sheaths,  the  legs  upward,  and  the  abdomen  forward,  so  that 
there  is  only  one  possible  place  of  escape,  viz,  by  the  back  of  the 
thorax,  where  all  these  lines  of  movement  converge.  If  then  the  fly 
must  escape  by  the  back  of  the  thorax,  the  back  of  the  thorax  must 
float  uppermost  during  at  least  the  latter  part  of  the  pupal  stage. 
Otherwise  the  fly  would  emerge  into  the  water  instead  of  into  the 
air.  Granting  that  the  back  of  the  thorax  must  float  uppermost  in 
the  pupal  condition,  it  is  clear  that  here  the  respiratory  tubes  must 
be  set. 

I  need  hardly  speak  of  the  many  insects  which  run  and  skate  on  the 
surface  of  the  water  in  consequence  of  the  peculiar  properties  of  the 
surface  film.  They  are  able  to  do  so,  first,  by  reason  of  their  small 
size;  secondly,  because  of  the  great  spread  of  their  legs;  and  thirdly, 
on  account  of  the  fine  hairs  with  which  their  legs  are  provided.  The 
adhesion  of  the  surface  film  is  measured  by  the  length  of  the  line  of 
contact, '  -^^ghr  the  multiplication  of  points  of  contact  may 

indefinil  l^upport  afforded  by  the  surface  of  the  water. 
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In  the  case  of  very  small  insects  it  beconjes  possible  not  only  to  run 
on  the  surface  of  the  water  but  even^  to  leap  upon  it,  as  upon  a  table 
This  is  particularly  well  seen  in  one  of  the  smallest  and  simplest  of  all 
insects — the  little  black  Podura,  which  abounds  in  sheets  of  still  water. 
The  minute  and  hairy  body  of  the  Podura  is  incapable  of  being  wetted, 
and  the  insect  frisks  about  on  the  silvery  surface  of  a  pond,  just  as  a 
house  fly  might  do  on  the  surface  of  quicksilver.  This  is  all  very  well 
so  long  a«  the  Podura  is  anxious  only  to  amuse  itself,  or  move  from 
place  to  place,  but  it  has  to  seek  its  food  in  the  water,  and,  indeed,  the 
attractiveness  of  a  sheet  of  water  to  the  Podura  lies  mainly  in  the 
decaying  vegetation  far  below  the  surface.  But,  if  the  insect  is  thus 
incsipable  of  sinking  below  the  surface,  how  does  it  ever  get  access  to 
its  submerged  food!  I  have  endeavored  to  arrive  at  the  explanation 
of  this  diflSculty  by  observation  of  Poduras  in  captivity.  If  you 
place  a  number  of  Poduras  in  a  beaker  half  full  of  water,  they  are 
wholly  unable  to  sink.  They  run  about  and  leap  upon  the  surface,  as 
if  trying  to  escape  from  their  i)risou,  but  sink  they  can  not.  I  have 
chased  them  about  with  a  small  rod  until  they  became  excited  and 
much  alarmed,  but  they  were  wholly  unable  to  descend.  Even  when 
large  quantities  of  alcohol  were  added  to  the  water  the  dead  bodies  of 
the  Podura  are  seen  floating  at  the  top,  almost  as  dry  as  before.  It  is 
only  when  they  are  placed  upon  the  surface  of  strong  alcohol  that  the 
dead  bodies  become  wetted,  and  after  a  considerable  time  are  seen  to 
sink.  How,  then,  does  the  Podura  ever  descend  to  the  depths  where  its 
food  is  found? 

I  found  it  an  easy  matter  to  make  a  ladder,  by  which  the  Poduras 
could  leave  the  upper  air.  A  few  plants  of  duck-weed  introduced  into 
the  beaker  enabled  them  at  pleasure  to  pull  themselves  forcibly  through 
the  surface  film,  and  climb  down  the  long  root  hanging  into  the  water 
like  a  rope.  Once  below  the  surface,  the  Podura,  though  buoyant,  is 
enabled,  by  muscular  exertion,  to  swim  downwards  to  any  depth. 

Other  aquatic  insects,  not  quite  so  minute  as  the  Podura,  experience 
something  of  the  same  diflBculty.  A  Gyrinus,  or  a  small  Hydrophilus, 
finds  it  no  easy  matter  to  quit  the  surface  of  the  water,  and  is  glad  of 
a  stem  or  root  to  descend  by. 

To  leave  our  aquatic  insects  for  a  moment,  we  may  notice  the  habit 
of  creeping  on  the  under  side  of  the  surface  film,  which  is  so  often  prac- 
ticed by  leeches,  snails,  cydas,  etc.  I  find  this  is  often  described  as 
creepuig  on  the  aivj  and  some  naturalists  of  the  greatest  eminence 
speak  of  fresh-water  snails  as  creeping  "on  the  stratum  of  air  in  con- 
tact with  the  surface  of  the  water."*  The  body  of  the  animal  is,  nev- 
ertheless, wholly  immersed  during  this  exercise,  as  may  be  shown  by  a 
simple  experiment.  If  Locopodium  powder  is  sprinkled  over  the  water 
the  light  particles  are  not  displaced  by  the  animal  as  it  travels  beneath. 

*  8emp6r*8  "Animal  Life,"  Eng.  trans.,  p.  205,  and  note  97, 
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The  i)088ibility  of  creeping  in  this  manner  depends,  not  upon  any 
**  repulsion  between  the  water  and  the  dry  surface  of  the  body,"  to  quote 
an  explanation  which  is  oft^n  given,  but  upon  the  tenacity  of  the  sur- 
face film,  which  serves  as  a  kind  of  ceiling  to  the  water  chamber  below. 
The  body  of  the  leech  is  distinctly  of  higher  specific  gravity  than  the 
water,  and  falls  quickly  to  the  bottom,  if  the  animal  loses  its  hold  of 
the  surface  film.  The  pond  snails  however  actually  float  at  the  sur- 
face, and  if  disturbed,  or  made  to  retrjR^t  their  foot,  they  merely  turn 
over  in  the  water. 

What  is  the  re^^ult  of  all  the  expedients  which  have  enabled  air- 
breathing  insects  to  overcome  the  diificulties  of  living  in  water!  They 
have  been  successful,  we  might  almost  say  too  successful,  in  gaining 
access  to  a  new  and  ample  store  of  food.  Aquatic  plants,  minute  ani- 
mals, and  dead  organic  matter  of  all  kinds  abound  in  our  fresh  waters. 
Accordingly  the  species  of  iujuatic  insects  have  multiplied  exceedingly, 
and  the  number  of  individuals  in  a  species  is  sometimes  surprisingly 
high.  The  supi)ly  of  food  thus  opened  out  is  not  only  ample,  but  in 
many  cases  very  easy  to  appropriate.  Accordingly  the  head  of  the 
larva  degenerates,  becomes  small  and  of  simple  structure,  and  may  be 
in  extreme  cases  reduced  to  a  mere  shell,  not  inclosing  the  brain,  and 
devoid  of  eyes,  antenna?,  and  jaws.  The  organs  of  locomotion  also 
commonly  afford  some  indications  of  degeneration.  Where  the  insect 
has  to  find  a  mate,  and  discover  suitable  sites  for  egg-laying,  the  fly  at 
least  must  possess  some  degree  of  intelligence,  keen  sense  organs,  and 
means  of  rapid  locomotion.  But  some  few  aquatic  insects,  as  well  as 
some  non -aquatic  species  which  have  found  out  an  unlimited  store  of 
food,  manage  to  produce  offspring  from  unfertilized  eggs,  and  to  have 
these  eggs  laid  by  wingless  pupoe  or  hatched  within  the  bodies  of  wing- 
less larvae.  The  development  of  the  winged  fly,  the  whole  business  of 
mating,  and  even  the  development  of  the  embryo  within  the  eggj  have 
thus,  in  particular  insects,  been  abbreviated  to  the  point  of  suppres- 
sion. This  is  what  I  mean  by  saying  that  the  pursuit  of  a  new  supply 
of  food  has  in  the  case  of  certain  aquatic  insects  proved  even  too  suc- 
cessful. Abundant  food,  needing  no  exertion  to  discover  or  appropriate 
it,  has  led  in  a  few  instances  to  the  almost  complete  atrophy  of  those 
higher  organs  and  functions  which  alone  make  life  interesting. 
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AMERICA. 

WITH  SPECIAL  REFERENCE  TO  THE  MAMMALIA.' 


By  C.  Hart  Merrlam,  M.  D. 


Nine  years  ago  the  Biological  Society  listened  to  an  address  from  its 
distinguished  retiring  president,  Prof.  Gill,  on  *<The  Principles  of 
Zoo- geography,''  or  the  science  of  the  geographical  distribution  of  ani- 
Uials.t  Prof.  Gill  assembled  the  oceans  of  the  globe  as  well  as  the  land 
areas  into  primary  divisions  or  "zoological  realms,"  of  which  he  recog- 
nized nine  for  the  land  and  five  for  the  sea.  It  is  not  my  purpose  to 
discuss  the  zoological  regions  of  the  whole  world,  but  to  lay  before  you 
some  of  the  faets  concerned  in  the  distribution  of  terrestrial  animals 
and  plants  in  North  America  with  special  reference  to  the  number  and 
boundaries  of  the  subregions  and  minor  life  areas,  and  to  touch  upon 
the  causes  that  have  operated  in  their  production. 

No  phenomenon  in  the  whole  realm  of  nature  forced  itself  earlier 
upon  the  notice  of  man  than  certain  facts  of  geographic  distribution. 
The  daily  search  for  food,  the  first  and  ])rincipal  occupation  of  savage 
man,  directed  his  attention  to  the  unequal  distribution  of  animals  and 
plants.  He  not  only  noticed  that  certain  kinds  were  found  in  rivers, 
ponds,  or  the  sea,  and  others  on  land,  and  that  some  terrestrial  kinds 
were  never  seen  except  in  forests,  while  others  were  as  exclusively 
restricted  to  open  prairies,  but  ho  observed  further,  when  his  excur- 
sions were  extended  to  more  distant  localities  or  from  the  valleys  and 
plains  to  the  summits  of  neighboring  mountains,  that  unfamiliar  fruits 
and  insects  and  birds  and  mammals  were  met  with,  while  those  he 
formerly  knew  disappeared. 


*ADDnal  Presidential  Address,  delivered  at  the  twelfth  anniversary  meeting  of  the 
Biulo^ical  Society  of  Washington,  February  6,  1892.  (From  the  Proc,  Biolog.  Soa.j 
Washington,  vol.  vii,  pp.  1-64.) 

tProc.  Biolog.  iSoc.,  Washington,  1884,  vol.  ii,  pp.  1-39. 
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Thus  primeval  man,  and  in  truth  the  ancestors  of  primeval  man, 
learned  by  observation  the  great  fact  of  geographic  distribution,  the 
fact  that  particular  kinds  of  animals  and  x)lants  are  not  uniformly  dif- 
fused over  the  earth,  but  are  restricted  to  more  or  less  circumscribed 
areas. 

It  .will  be  observed  that  two  classes  of  cases  are  here  referred  to, 
namely,  (1)  cases  in  which  in  the  same  general  region  certain  species 
are  restricted  to  swamps  or  lowlands,  while  others  are  confined  to  dense 
forests  or  rocky  hillsides — differences  oi  station^  and  (2)  cases  in  which, 
regardless  of  local  peculiarities,  a  geneml  change  takes  place  in  the 
fauna  and  flora  in  passing  from  one  region  to  another,  or  from  low  val- 
leys or  plains  to  high  mountains — geographic  differences.  The  latter 
class  only  is  here  considered. 

Every  intelligent  school-boy  knows  that  elephants,  lions,  giraffes,  and 
chimpanzees  inhabit  Africa;  that  orangs  and  flying  lemurs  live  in 
Borneo;  kangaroos  in  Australia;  the  apteryx  in  New  Zealand;  the 
Boyal  Bengal  tiger  in  India;  llamas,  chinchillas,  and  sloths  in  South 
America;  the  yak  in  the  high  table  lands  of  Thibet,  and  so  on.  In 
accordance  with  these  facts  naturalists  long  ago  began  to  divide  the 
surface  of  the  globe  into  zoological  and  botanical  regions  irrespective 
of  the  long-recognized  geographic  and  political  divisions.*  It  was 
found  that  different  degrees  of  relationship  exist  between  the  indige- 
nous animals  and  plants  of  different  countries,  and  that  as  a  rule  the 
more  remote  and  isolated  the  region  and  the  earlier  in  geologic  time  its 
separation  took  place,  the  more  distinct  were  its  inhabitants  from  those 
of  other  regions.  Each  of  the  larger  islands  lying  near  the  equator 
and  the  continental  masses  of  the  southern  hemisphere  were  found  to 
possess  not  only  peculiar  species  and  genera,  but  even  families  and 
orders  not  found  elsewhere;  and  it  was  discovered  that  insular  areas 
of  considerable  magnitude  that  have  had  no  laud  connection  with  other 
areas  since  very  early  times  possess  faunas  and  floras  remarkable  for 
the  antiquity  of  their  dominant  types.  In  Australia,  the  most  discon- 
nected of  all  the  continents,  the  entire  mammalian  fauna,  though  won- 
derfully diversified  in  appearance  and  habits,  belongs  to  the  primitive 
orders  of  monotremes  and  marsupials,  whose  best  known  representa- 
tives are  the  duck-billed  platypus  and  the  kangaroo.  In  the  latter 
group  Australia  and  neighboring  islands  contain  no  less  than  six  fami- 
lies not  found  in  any  other  part  of  the  world. 

Madagascar  is  the  exclusive  home  of  the  remarkable  aye-aye  {Chi- 
romys)  and  Cryptoprocta^  the  latter  believed  to  be  intermediate  between 
the  cats  and  civets. 

•Among  the  many  distinguished  naturalists  who  have  contributed  to  the  litera* 
tiire  of  the  subject  may  be  mentioned  Humboldt,  Bonpland,  Buffon,  Do  Candolle, 
SchouW;  Engler;  Agassiz,  Baird,  Asa  Gray,  Grisebach,  Huxley,  Gill,  Allen,  Wallace, 
and  Packard. 
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Tropical  America  is  alone  in  the  possession  of  true  ant-eaters  (Myr- 
fn€Copkagid<e)j  sloths  (Bradypodidce)^  marmosets  {Hapalidce)^  armadillos 
(Dasypodidce)y  and  agouties  (Dasyproctidce). 

Africa  is  the  home  of  many  groups  not  known  elsewhere.  Among 
them  are  the  giraffe,  hippopotamus,  Orycteropusy  elephant  shrews 
{M(icro8celidid<]e)y  Potomogalej  and  Chrysochloridw. 

Besides  this  class  of  cases,  in  which  particular  groups  are  restricted  to 
particular  countries,  there  is  another  class,  in  which  the  living  represen- 
tativesof  single  groups  exist  in  isolated  colonies  in  widely  separated  parts 
of  the  world.  Illustrations  of  this  kind  are  furnished  by  the  tapirs,  which 
inhabit  tropical  America  and  the  Malay  Peninsula,  but  do  not  exist  in 
intermediate  lands;  by  the  family  CamelidWj  represented  in  South 
America  by  the  llamas  and  in  parts  of  Eurasia  by  the  true  camels; 
and  by  a  group  of  insectivorous  mammals  in  which  all  the  genera  but 
one  are  restricted  to  Madagascar,  the  one  exception  (Solenodon)  living 
in  Cuba  and  Haiti.  Examples  of  this  sort  are  known  as  cases  of  dis- 
continuous  distribution,  and  indicate  that  the  ancestors  of  the  animals 
in  question  formerly  inhabited  avast  extent  of  country;  that  some 
sort  of  land  connection,  however  indirect,  existed  between  the  colonies 
now  so  widely  separated,  and  that  the  surviving  descendants  of  these 
groups  are  probably  approachiug  extinction. 

The  examples  thus  far  cited  relate  to  the  disconnected  land  areas  in 
the  neighborhood  of  the  equator  or  in  the  southern  hemisphere,  and 
their  explanation  is  to  be  sought  in  the  history  of  the  past.  In  the 
northern  hemisphere  animals  and  plants  in  general  have  a  much  more 
extended  distribution  than  in  the  southern,  the  majority  of  the  larger 
groups  being  common  to  North  America,  Europe,  and  Asia,  and  the 
limits  of  their  distribution  are  encountered  in  traveling  in  a  north  and 
south  direction  and  are  evidently  the  result  of  causes  now  in  opera- 
tion. It  is  to  this  class  of  cases  as  presented  on  the  North  Amencan 
continent  that  your  attention  is  invited  this  evening. 

In  passing  from  the  tropics  to  the  Arctic  pole  on  the  eastern  side  of 
America  a  number  of  distinct  zones  are  crossed,  the  most  conspicuous 
features  of  which  are  well  known.  In  the  plant  world  the  palms,  man- 
groves, mahogany,  mastic,  Jamaica  dogwood,  and  cassias  of  the  tropical 
coast  districts  are  succeeded  by  the  magnolias,  papaws,  sweet  gums, 
blackberries,  and  persimmons  of  the  Southern  States.  These  give  place 
gradually  to  the  oaks,  chestnuts,  and  hickories  of  the  Middle  States, 
and  the  latter  to  the  groves  of  aspen,  maple,  and  beech  which  reach 
the  southern  edge  of  the  great  coniferous  forest  of  the  north, — a  forest 
of  spruces  and  firs  that  stretches  completely  across  the  continent  from 
Labrabor  to  Alaska.  Beyond  this  forest  is  a  treeless  expanse  whose 
distant  shores  are  bathed  in  the  icy  waters  of  the  Arctic  Ocean. 

Concurrently  with  these  changes  in  vegetation  from  the  south  north- 
ward occur  equally  marked  differences  in  the  mammals,  birds,  reptiles. 
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and  iusects.  Amoug  mammals  the  tapirs,  monkeys,  armadillos,  nasuas, 
peccaries,  and  opossams  of  Central  America  and  Mexico  are  replaced 
to  tbe  northward  by  wood-rats,  marmots,  chipmunks,  foxes,  rabbits, 
short-tailed  field-mice  of  several  genera,  shrews,  wild-cats,  lynxes,  short- 
tailed  porcupines,  elk,  moose,  reindeer,  sables,  fishers,  wolverines,  lem- 
mings, musk  oxen,  and  polar  bears. 

The  trogons,  saw  bills,  parrots,  cotingas,  and  other  birds  of  tropical 
America  give  place  in  turn  to  the  cardinals,  blue  grosbeaks,  mocking 
birds,  tufted  tits,  and  gnat-catchers  of  the  Southern  States;  the  chewink, 
indigo  bird,  tanager,  bluebird,  and  robin  of  the  Middle  and  Northern 
States;  the  Canada  jays,  crossbills,  whitethioated  sparrows,  and  hawk 
owls  of  the  northern  coniferous  forests,  and  the  ptarmigans,  snowy  owls, 
and  snowflakes  of  the  Arctic  circles. 

HISTORICAL,   SYNOPSIS  OF  FAUNAL  AND   FLORAL  DIVISONS   PBOPOSED 
FOB  NORTH  AMERICA. 

The  recognition  of  the  above-mentioned  fiicts  early  led  to  att«mi)ts 
to  divide  the  surtace  of  the  land  into  faunal  and  floral  regions  or  zones, 
and  no  less  than  fifty-six  authors  have  proposed  such  divisions  for 
North  America.  Of  these,  thirty-one  were  zoiiiogists  and  twenty-five 
botanists.  Of  the  zocUogists  ten  aimed  to  show  the  distribution  of 
animals  in  general,  eight  of  birds,  four  of  terrestrial  mollusks,  three  of 
mammals,  one  of  reptiles  and  batrachians,  and  four  of  insects.  Of  the 
botanists,  twenty-two  aimed  to  show  tbe  distribution  of  plants  in 
general  and  three  of  forest  trees. 

Of  the  writers  who  attempted  to  indicate  the  life  areas  of  the  New 
World  prior  to  1850,  68  per  e^nt  were  botanists,  while  during  the  next 
twenty  years  (1850-1870),  05  per  cent  wi^re  zoiilogists.  This  striking 
oscillation  of  the  biological  pendulum,  first  toward  botany  and  then 
toward  zoology,  may  be  attributed  in  part  at  least  to  the  influence  of 
two  great  minds — Humboldt  and  Agassiz.  Humboldt  laid  the  comer- 
stone  of  the  philosophic  study  of  plant  geography  in  1805.  Stimulated 
by  his  example  and  writings,  botanists  led  the  way  and  were  almost 
the  only  occupants  of  the  field  until  the  middle  of  the  present  century, 
when  the  influence  of  the  elder  Agassiz  gained  the  ascendancy  and 
the  botanists  were  replaced  by  zoologists,  who  have  been  in  the  lead 
ever  since. 

The  accompanying  table  shows  the  various  authors  referred  to,  the 
dates  of  the  earliest  publication  of  their  divisions,  the  branch  of  biology 
on  which  their  conclusions  were  based,  and  states  whether  or  not  their 
articles  were  accompanied  by  maps. 
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Sohouw j 
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Pickering 

Lesson 
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Meyen 
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Brown 
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Jordan 
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Heilprin . . . 
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The  principal  bio-geographic  divisions  that  have  been  recognized  by 
a  large  number  of  writers,  and  as  a  rule  have  been  proposed  independ- 
ently and  under  different  names,  resulting  from  the  study  of  different 
groups,  are  described  in  the  following  synopses,  each  of  which  may  be 
regarded  as  a  chronologic  synonymy  of  the  region  to  which  it  refers. 

ARCTIC  DIVISION   (ABOVK   LIMIT  OF   TREES). 

An  Arctic  circum-polar  division  north  of  the  limit  of  tree  growth  was 
rexiognized  as  a  distinct  region  by  European  writers  long  before  the 
earliest  attempts  were  made  to  map  the  faunal  and  floral  areas  of  North 
America.*    Hence  the  following  table  is  necessarily  incomplete,  since 


*  This  region,  however,  is  not  universally  recognized.  Wallace  and  a  few  others 
refuse  to  accept  it.  Agassiz,  Allen,  and  most  hotanical  writers,  on  the  other  hand, 
regard  it  as  one  of  the  best  defined  of  the  primary  divisions.  An  important  recent 
treatise  on  the  subject,  from  the  stand^ioint  of  the  distribution  of  mammals,  is  the 
following:  *^ Die  arktiscKe  Suhregion — Ein  Beitrag  zur  geographischen  Ferhreiiung  der 
Thiei'ej'^  by  Dr.  Angust  Brauer  {ZoologUche  JahrbucheTf  Abth.  fur.  Syst,  lu,  Jan., 
1888,189-308,  taf.viii). 

H.  Mis.  334,  pt.  1 24 
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it  shows  only  the  extent  to  which  this  zone  has  been  recognized  by 
those  who  have  actually  defined  faunal  and  floral  areas  in  North 
America: 


Date. 

1820 
1822 
1830 
1831 
1835 
1836 
1838 
1843 
1844 
1853 
1854 
1856 
1858 
1866 
1870 
1871 
1875 
1878 
1882 
1883 
1883 
1884 
1887 
1887 
1887 
1888 
1890 
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Study  baaed 
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f>e  Candolle  . 

Schouw 

Pickering  ... 

Lesson 

De  Candolle  . 

Moyen 

Berghaus 

Rinds 

Wagner 

Sohmarda  . . . 

Agassiz 

Woodward... 

Cooper 

Grisebach  . . . 

Brown 

Allen 

Cope 

Dyer 

Engler 

Packard 

Jordan 

Dmde 

Brendel 

Reichenow... 

Nelson 

Braner 

Merriam 
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Polar  xone ' do , 

Realm  of  Mosses  and  Saxifrages do 
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Treeless  or  Eskimo  province Forests 

Arctic  realm Animals 

do do 

Arctic- Alpine  flora Plants 
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Arctic  realm Animals 
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Arctic- Alpine  division do 

Arctic  zone Birds 

Arctic  district  (Alaskan) do 

Arctic  sub-region Mammals 

Arctic  region Animals   and 

plants. 


Rank. 


BOREAL   DIVISION. 

This  heading  is  intended  to  cover  the  zone  of  coniferous  forests 
extending  across  the  continent  south  ol*  the  Arctic  realm.  While  its 
northern  boundary  is  fixed  at  the  limit  of  trees,  its  southern  border 
has  been  variously  placed  by  different  writers.  Schouw  did  not  recog- 
nize it  at  all,  but  carried  his  great  forest  region  down  to  latitude  36°, 
where  the  true  southern  district  begins.  Berghaus,  who  in  other 
respects  followed  Schouw,  divided  this  great  region  into  two  part«,  the 
northernmost  of  which  he  named  the  "Eealm  of  conifers,"  placing  its 
southern  limit  in  the  east  at  about  latitude  47^.  Hinds,  Agassiz, 
Woodward,  Verrill,  and  Drude  speak  of  it  as  the  '^Canadian''  region. 
Its  southern  limit  is  here  extended  to  include  the  "  Canadian  fauna" 
of  recent  zoological  writers. 

The  extent  to  which  this  zone  has  been  recognised  will  appear  from 
the  following  table; 
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Date. 

1830 
1838 
1843 
1853 
1854 
1856 
1856 
1850 
1850 
1863 
1863 
1870 
1871 
1882 
1883 
1884 
1884 
1890 


Anthor. 


Pickering Canadian  flora 


Name  given  to  region. 


Berghaafi . . 

Hinds 

Schmarda. . 

Agasftiz 

Woodward. 

Gray 

LeConte  — 

Cooper 

Verrill 

Binney 

Brown 

Allen 

Englcr 

Packard  — 

Sargent 

Dmde 


Realm  of  conifera 

Canadian  region 

Region  of  coniferoaa  forests 

Canadian  fauna 

Canadian  province 

Middle  and  northern  wooded  district . 

Northern  province 

Lacnstrian  province 

Canadian  fauna 

Northern  region 

Lacustrian  province 

Iladsonian  and  (/anadian  faunas 


Study  based 
on— 


Plants  . .  - . 

...do 

...do 

Animals . . 

...do 

Mollusks  . 
Plants . . . . 
Insects  ... 
Forests . . . 

Birds 

Mollusks  . 
Forests . . . 
Animals . . 


Region  of  conifers Plant« . 

Boreal  province 

Northern  forest 

Canadian  district 


Merriam Boreal  region 


Animals 

Forests 

Plants 

Auimals   and 
plants. 


Rank. 


1 
1 
2 
2 
1 
(») 
2 
1 
1 
3 
1 
3 
2 
1 
2 
2 
2 


ATLANTIC,    CENTRAL,   AND   PACIFIC  DIVISIONS  OF  TEMPERATE  NORTH   AMERICA. 

It  has  been  the  custom  of  recent  writers  to  divide  the  broad  middle 
zone  of  North  America  (most  of  which  lies  within  the  United  States) 
into  three  main  divisions — Atlantic  or  Eastern,  stretching  from  the 
Atlantic  Ocean  to  the  eastern  border  of  the  plains;  Central,  from  the 
plains  to  the  Sierra  Nevada;  and  Pacific,  from  the  Sierra  to  the  Pacific 
Ocean.*  These  regions  were  proposed  as  early  as  1854  by  the  elder 
Aga8siz,who  however  divided  the  Eastern  or  Atlantic  district  into  two 
regions  of  equal  rank — Alleghanian  and  Louisianian,  or  faunas  of  the 
Middle  and  the  Southern  States.  In  this  respect  he  has  been  followed 
by  Cope.  Other  authors,  including  Le  Conte,  Baird,  and  Allen,  regard 
the  southern  district  as  only  a  subdivision  of  the  Eastern  region. 
Agassiz  named  the  Central  region  the  <' Table-land  or  Rocky  Mountain 
fauna"  and  the  Pacific  the  *^  Californian  fauna." 

This  arrangement  of  the  United  States  into  three  provinces  has  been 
followed  in  the  main  by  Le  Cont«  (1859),  W.  G.  Binney  (1863),  Baird 
(1866),  Cope  (1873),  Grisebach  (1875),  Wallace  (1876),  Allen  (1878), 
Packard  (1883),  Jordan  (1883),  Hartlaub  &  Newton  (1886),  and  Heil- 
prin  (1887). 

The  three  divisions  will  be  considered  sei)arately. 

Atlantic  or  eastern  forest  region. — Many  writers  have  recognized  an 
eastern  forest  region  stretching  from  the  i)lain8  to  the  Atlantic  and  in 
a  general  way  from  the  boreal  or  coniferous  forests  of  the  north  to  the 


*  These  divisions  must  not  be  confounded  with  those  of  Amos  Binney  (pnblished 
in  1851)  bearing  the  same  names,  for  Binney^s  Atlantic  region  lay  between  the 
Atlantic  and  the  AUeghanies,  his  Central  region  between  the  Allegbanies  and  the 
Rocky  Mountains^  and  the  Pacific  region  between  the  Rocky  Mountains  and  the 
F»ciQc»    Woodward's  divisions  (1856)  are  essentially  those  of  Amos  Binney. 
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alluvial  lauds  of  the  South  Atlantic  and  Gulf  States;  but  its  northern 
and  southern  limits  have  been  by  no  means  agreed  upon.  Schouw 
defined  these  boundaries  as  the  limit  of  trees  on  the  north  and  latitude 
36^  on  the  south,  and  named  the  region  Miehaux's  realm  or  realm  of 
asters  and  solidagos.  Berghaus  retained  Schouw's  southern  bound- 
ary, but  took  off  a  broad  belt  on  the  north,  which  he  named  the  realm 
of  coniferous  forests.  The  resulting  northern  limit,  as  shown  on  his 
map  (1838),  agrees  closely  with  that  adopted  by  such  recent  writers  as 
Wallace  (1876),  Allen  (1878),  Paekard  (1883),  and  Heilprin  (1887),  all 
of  whom,  on  the  other  hand,  carry  its  southern  boundary  south  to  the 
Gulf  of  Mexico,  thus  making  it  coextensive  with  the  Atlantic  or  East- 
ern province  already  referred  to. 

Several  early  writers,  among  whom  Schouw  and  Berghaus  were 
prominent,  recognized  this  region  in  the  east,  but  knew  nothing  of  the 
great  interior  plans,  and  consequently  spoke  of  it  as  extending  all  the 
way  to  the  Rocky  Mountains. 

The  extent  to  which  this  Eastern  forest  region  has  been  re<50gnized, 
together  with  the  approximate  north  and  south  boundaries  assigned  it, 
will  appear  from  the  following  table: 

NoTB. — In  the  columns  showing  limit  on  the  north  and  south  the  following  abbre- 
viations are  used :  L.  T.:=northern  limit  of  trees;  C.  F.=nortbern  coniferous  forests; 
A.=Au8tro-ripariau  or  Louisiana  region;  G.=Gulf  of  Mexico. 


Date. 

1822 
1830 
1838 
1843 
1848 
1854 
1856 
1859 
1850 
1863 
1863 
1866 
1866 
1870 
1871 
1873 
1874 
1876 
1882 
1883 
1883 


Author. 


Schoaw 

Pickering j 

Berghaus 

Hinds I 

Frankenheim | 

AgasHis ' 

Gray 

LeConte 

Cooper ( 

Verrill 

Binney  (W.G.)  ... 

Baird 

Grisebach 1 

Brown 

Allen 

Cope ' 

Porter 

Wallace 

Eiigler 

Packard ' 

Jordan 


^ 


Name  given  to  region. 


Asters  and  soIidagoH  . . 
Flora  of  United  State* . 
Asters  and  sulidagos  . . 

Iroquoian 

New  England 

•  Alleghanian 

Northern  States 

Eastern 

Appalachian 

Alleghanian 

Interior 

Eastern 

Forest 

Appalachian 

Eastern 

...do 

Forest 

Alleghanian 

Appalachian  province . 

Kastom 

Atlantic  region 

Deciduous  forests 

Virginian  

Alleghanian 

...do 

Mixed  forest 

Kastom  pro\ince 


Limit  on  the— 


North.    South.  ' 


L.T. 
C.F. 
C.  F. 
C.F. 
C.F. 
C.F. 

(?) 

(?) 
C.F. 
C.  F. 
C.F. 
C.  F. 
L.T. 
C.F. 
C.  F. 

(?) 
C.F. 
C.  F. 
C.F. 
C.  F. 
C.F. 
C.F. 
C.F. 
C.  F. 
C.F. 
C.F. 

(?) 


A. 
G. 
A. 
G. 
A. 
A. 
A. 
G. 
G. 
A. 
A. 
G. 
G. 
G. 
G. 
A. 
G. 
G. 
G. 
G. 
G. 
A. 
G. 
G. 
G. 
G. 
(J. 


Baseil  on  - 

Plants 

...do 

...do 

...do 

...do 

Animals  . . . 

Plants 

Insects 

Forests 

Binls 

MoUusks  . . 

Birds 

Plants  

Forests 

Animals  ... 

...do.' 

lUants 

Animals . . . 

Plante 

Animals . . 
Mollusks  .. 
Forests  — 

Plants  

Birtls 

Animals  . . . 

Plants 

Birds 


Rank. 
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Central  or  middle  division. — This  division  extends  from  the  eastern 
border  of  the  great  plains  to  the  Sierra  Nevada  and  Cascade  Monn- 
tains.  It  was  proposed  by  Agassiz  in  1854,  under  the  name  '*  Table- 
land fauna  or  fauna  of  the  Rocky  Mountains." 

The  extent  to  which  it  has  been  recognized  will  appear  from  the  fol- 
lowing table : 


Date. 

1854 
1859 
1863 
1866 
1866 
1873 

1876 
1878 
1881 
1883 
1883 
1884 
1886 
1887 
1887 
1880 


Author. 


Xanie  giveu  to  region. 


Agasiiix I  Table-land  fauna. 

Le  Conte Central  district . . 

Binney  (W. G.) . ..(  Central  province. 


Baiwl 

Griaeba<^h  . 
Cope 


Wallace  . . 

Allen 

Gray 

Packard . . 

Jordan 

Drude  

Hartlaub  . 
Heilprin . . 
Brendcl . . . 
Ridgway. . 


Middle  province . 
Prairie  region  .  -  - 
Central  region  . . . 


Kocky  Mountain  sub-region 

Middle  province 

Central  province 

do 

Central  region 

Montana  district 

Rocky  Mountain  region 

Rocky  Mountain  sub-region 

Prairie  flora 

Rocky  Mountain  or  middle  district . 


Based  on- 


Rank. 


Animals 

Insects 

Mollusks 

Birds 

Plants 

Reptiles    and 
batraehians. 

Animala ■ 

...do 

Plants 

Animals 

Mollusks 

Plants 

Birds 

Animals 

Plants 

Birds 


Pacific  or  California  division. — ^This  name  has  been  very  generally 
applied  to  the  Pacific  coast  region  of  the  United  States.  It  was  first 
recognized  by  the  botanist  De  CandoUe  in  1820.  Pickering,  in  1830, 
named  it  the  Californian  flora,  but  knowing  little  or  nothing  of  the 
Sierra  Nevada,  and  believing  the  Rocky  Mountains  to  be  the  only  moun- 
tain system  of  importance  in  North  America,  extended  its  eastern 
boundary  to  that  range.  In  this  way  he  was  followed  by  the  botanist 
Hinds,  in  1843;  by  the  conchologists,  Amos  Binney,  in  1851,  and  Wood- 
ward, in  1856.  Agassiz,  in  1854,  was  first  to  fix  its  eastern  limit  at  the 
Sierra  Nevada  and  Cascade  mountains,  where  it  has  been  permitted  to 
rest.  Its  north  and  south  boundaries  have  undergone  considerable 
fluctuations. 
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The  extent  to  which  the  Pacific  or  GaliforDiau  region  has  been  recog- 
nized will  appear  from  the  following  table:* 


Date. 


1820 
1830 
1843 
1848 
1851 
1854 
1856 
1859 
1850 
1863 
1866 
1866 
1873 

1874 
1876 
1878 
1883 
1883 
1884 
1886 
1887 
1887 
1888 


Author. 


DeCandoUe  .... 

Pickering 

Hinds  

Frankenbeim... 
Binney  (A.)  .... 

AgtMsiz 

Woodward 

Le  Conte 

Cooper 

Binney  (W.G.). 

Baird 

Grisebach 

Cope 


Porter.... 
Wallace  .. 

Allen 

Packard . . 
Jordui  ... 

Dmde 

Hartlaub . 
Heilprin.. 
Brendel... 
Ridgway  . 


Name  given  to  region. 


Weat  coaat  of  temperate  North  America. 

Califomian  flora 

Califomian  region 

California 

Pacific  region 

Califomian  fauna 

Califomian  province 

Western  district 

Nevadian  provincef 

Pacific  province 

Western  province 

Califomian  region 

Pacific  region 


.do. 


Califomian  8ab-regi<»n. 

Western  province 

do 

Pacific  region 

Califomian  district 

Califomian  region 

Califomian  sub-region. 

Califomian  flora 

Pacific  district 


Based  on - 


Plants 

...do 

...do 

...do 

MoUuAks 

Animals 

Mollnsks 

Insects 

Forests 

Mollnsks 

Birds 

Plants 

Reptiles    and 
batrachians. 

PUmts 

Animals 

...do 

...do 

MoUusks 

Plants 

Birds 

Animals 

Plants 

Birds 


Rank. 


*Engler's  "California  Coast  Province"  is  not  included  in  this  table,  because  it  consists  only  of  the 
narrow  strip  of  land  between  the  Coast  Range  and  the  Pacific, 
t  Named  firom  the  Sierra  Nevada— not  the  State  of  Nevada. 


AU8TRO-RIPARIAN  OR  LOUISIANIAN  DIVISION. 

(South  Atlantic  and  Gulf  States.) 

Latreille,  as  early  as  1817,  called  attention  to  the  difference  in  the 
insect  fauna  in  Carolina  and  Georgia  from  that  of  Pennsylvania  and 
New  York,  and  in  his  division  of  the  earth  into  circuin-polar  zones  ran 
the  boundary  line  between  these  fauna  at  latitude  36^.  The  difference 
in  the  flora  of  the  South  Atlantic  and  Gulf  States  from  that  of  the 
Northern  States  was  recognized  by  the  Danish  botanist  Schouw  as 
early  as  1822  in  the  "  Eealm  of  Magnolias  or  Pursh's  Realm,"  which  he 
then  proposed  for  the  region  between  the  parallels  of  30^  and  36^  north 
latitude.  Thirty-four  years  later  (in  1856)  the  northern  boundary  of 
the  same  area  was  run  by  America-s  greatest  botanist,  Dr.  Asa  Gray, 
along  the  parallel  of  36^  30',  only  half  a  degree  from  Schouw's  line. 
The  first  zoologist  to  recognize  this  region  was  the  elder  Binney,  who 
died  in  1847.  His  posthumous  work  on  "  Terrestrial  Air-Breathing 
Mollnsks,"  published  in  1851,  describes  it  under  the  name  "Tertiary 
Region  of  the  Atlantic  Coast  and  the  Gulf  of  Mexico."  The  elder 
Agassiz  recognized  it  in  1854  as  one  of  his  seven  primary  regions,  nam- 
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ing  it  the  Loaisianiau  fauna.  Later  writers,  except  Cope,  have  consid- 
ered it  a  sub-division  of  the  Eastern  forest  region.  Cope  restored  it  to 
primary  rank  in  1873  and  named  it  the  Austro-riparian  region. 

The  extent  to  which  this  region  has  been  recognized  will  appear  from 
the  following  table: 


Date. 

1817 
1822 
1836 
1837 
1838 
1851 
1853 
1854 
1856 
1859 
1859 
1863 
1866 
1866 
1871 
1873 

1874 
1883 
,1884 
1800 


Author. 


Latreille 

Schoaw 

Meyen 

Martius 

Berghans 

Biimey(A.)  .... 

Schmarda 

Agaaaiz 

Gray 

Lv  Conte 

CJooper 

Binney  (W.  G.). 

Baird 

Verrill 

AUen 

Cope 


Porter . . . 
Jordan..  .4 
Sargent. . 
Merriam. 


Name  given  to  region. 


Based  on— 


Saper-tropical climate Insecte  ... 

Realm  of  magnolias Plants 

Sub-tropical  zone do 

Mississippi-Floridian  realm do 

Realm  of  magnolias do 

Tertiary  region  of  Atlantic  and  Gulf  coasts Mollnsks  . 

Middle  American  realm Animals  . . 

Loaisiauian  fauna do 

Southern  States Plants.... 

Southern  province Insects  . .  - 

Carolinian  and  Mississippian Forests . . . 

Southern  region Mollusks  . 

Southern  sulMlivision ,  Birds 

Louisianian  fauna , do 


.do. 


Anstro-riparian  region. 


Soathem  district ...... 

do 

Coast  pine  region 

Anstro-riparian  region. 


...do 

Reptiles    and 

batrachians. 

Plants 

Mollusks 

Forests 

Animals   and 

plants. 


Rank. 

1 

1 
1 
1 
1 
2 
1 
8 
1 
2 
2 
2 
2 
2 
3 
2 

2 

4 


80N0RAN  DIVISION. 

The  term  "  Sonoran  region"  has  been  applied  by  Cope  and  others  to 
an  important  life  area  which  enters  the  southwestern  part  of  the  United 
States  from  the  table-land  of  Mexico.  It  was  first  recognized  by  a 
botanist,  Eichard  Brinsley  Hinds,  R.  N.,  surgeon  to  H.  M.  S.  Sulphur^ 
who  published  a  description  of  it  in  1843  under  the  name  "  The  Chi- 
huahua Region.'^  He  defined  it  as  extending  south  to  the  tropic,  west 
to  the  Gulf  of  California  and  the  Colorado  River,  north  to  the  prairie 
region  of  the  United  States,  and  separated  on  the  east  from  the  Gulf 
of  Mexico  by  a  northward  extension  of  the  Central  American  region 
along  the  lowlands  bordering  the  coast.  Prof.  Baird  (in  1866)  stated 
that  along  the  valleys  of  the  Rio  Grande  and  Gila  the  fauna  of  the 
Central  province  "is  greatly  mixed  up  with  the  peculiar  fauna  of  north- 
em  Mexico,  which,  as  far  as  its  summer  birds  indicate,  is  almost  entitled 
to  be  considered  as  a  fourth  main  province.'' 


Digitized  by 


Google 


376     GEOGRAPHIC  DISTRIBUTION  OF  LIFE  IN  NORTH  AMERICA. 

The  extent  to  which  this  region  has  been  recognized  will  api>ear  fi«)m 
the  following  table: 


Date. 

1843 
1859 
1850 
1861 
1866 
1870 
1873 

1874 
1878 
1882 
1884 
1884 
1887 
1890 


Author. 

Hinds 

L6  Conte 

Cooper 

...do 

Baird 

Brown , 

Cope 

Porter 

Dyer 

Engler 

Sargent 

Drude 

Heilprin 

Merriam , 


Name  given  to  region. 


Chihuahuan 

Southwestern  and  soath-sonth western  provinces. 

Arizonian  region 

Arizonian  and  Chihuahuan  regions 

No  name  given 

New  Mexican  region 

Sonoran 


Based  on— 


Cactus  region 

Mexico-Califomian  flora 

Aztec  province 

Mexican  forest  region 

North  Mexico  and  Texas  district . 

Sonoran  transition  region 

Sonoran  province 


Planto 

Insects  

Forests 

...do 

Binls 

Forests 

Reptiles   and 

batrachians. 

Plants 

...do 

...do 

Forests 

Phints 

Animals 

Animals  and 

plants. 


Rank. 


(?) 


PENINSULA  OF  LOWER  CALIFORNIA. 

That  the  fauna  and  flora  of  the  peninsula  of  Lower  California,  or  any 
part  of  it,  differs  radically  from  that  of  the  State  of  California  imme- 
diately on  the  north  was  pointed  out  almost  simultaneously  by  Baird 
and  Le  Conte  in  1859.  Baird  stated  that  the  fauna  of  its  southern 
extremity,  as  determined  by  collections  of  its  mammals,  birds,  and 
reptiles,  "  is  almost  identical  with  that  of  the  Gila  Biver,  and  to  a  cer- 
tain extent  with  that  of  the  Bio  Grande,"  but  differs  wholly  from  that 
of  Upper  California.  In  accordance  with  these  facts  he  afterwards  (in 
1866)  made  Lower  California  a  subdivision  of  the  central  province. 
Later  in  the  same  year  (1859)  Le  Conte  stated  that  a  few  species  of 
insects  from  Cape  St.  Lucas,  ^'  though  all  new,  indicate  a  greater  resem- 
blance to  the  fauna  of  the  Lower  Colorado  than  to  that  of  maritime 
California;  this  province  may  therefore  be  found  eventually  to  belong 
to  the  interior  district." 

Cooper  (in  1861)  proposed  the  name  Uchitan  for  the  forest  flora  of 
Lower  California,  and  regarded  it  as  a  sub-division  of  his  Nevadian 
( =Californian)  province.  Grisebach  also,  in  mapping  the  plant  regions 
of  the  world  in  1866,  included  the  peninsula  in  his  Californian  region, 
but  afterwards  (in  1872)  transferred  it  to  the  interior  or  prairie  region. 

Cope,  in  1873,  raised  Lower  California  to  primary  rank,  basing  his 
action  on  a  study  of  its  reptiles  and  batrachians.  Wallace,  in  1876, 
placed  it  in  the  central  province  without  sub-division.  Packard,  in 
1883,  followed  Baird  and  Grisebach  in  regarding  the  southern  part  of 
the  peninsula  as  a  sub-division  of  the  central  province,  while  the  north- 
ern part  was  assigned  to  the  Pacific  province.  Drude,  in  1884,  divided 
it  transversely  in  two  nearly  equal  plant  areas,  placing  the  northern 
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half  in  his  "  North  Mexico  and  Texas  district,"  and  the  southern  half 
in  his  tropical  "Mexican  District."  Hartlaub  and  Newton,  in  1886, 
placed  the  entire  peninsula  in  their  Mexican  region,  and  Heilprin,  in 
1887,  in  his  Sonoran  transition  region. 

The  way  in  which  Lower  California  has  been  regarded  by  different 
writers  is  shown  in  the  following  table  :• 


Dat«. 


Author. 


1837  :  Martins  .... 

1838  Berghaus... 
1843  I  Hinds 

Berghaus. . . 

Agassiz 

Woodward  . 

Baird 

Le  Conte  . . . 
Cooper  


How  regarded. 


1845 
1864 
1856 
1859 
1850 
1861 


1866 
1870 
1872 
1873 

1876 
1882 
1883 
1884 
1886 
1887 
1800 


Griaebach  . 

Brown 

Griaebach  . 
Cope 


Wallace  .. 
Engler — 
Packard . . 
Dmde  — 
HarthiQb . 
Heilprin.. 
Merriam.. 


Aa  part  of  bis  Mexican  extra- tropical  realm 

As  part  of  his  Mexican  realm  (''Jacqain's  realm  '*) 

Ab  part  of  his  Califomian  region 

Aa  part  of  his  tropical  province 

As  part  of  his  Califomian  fanna 

As  part  of  hia  Califomian  province 

As  a  sub-division  of  hia  middle  province 

As  part  of  his  central  district 

As  a  sub-division  of  his  Nevadian  r=Califoraian] 
province. 

As  part  of  his  Californian  region 

A  a  part  of  his  Colorado  desert  district 

As  part  of  his  prairie  region 

As  an  independent  region 


Study  based 
on— 


Planta.... 

...do 

...do 

Mammals. 
Animals.. 
Mollusks . 

Birds 

Insects ... 
Forests . . . 


As  part  of  his  California  sub-region 

As  part  of  his  Aztec  province 

As  part  of  his  central  province 

As  part  of  his  Mexican  district 

do 

Aa  part  of  his  Sonoran  transition  region 
As  a  division  of  his  Sonoran  province... 


Planta 

Forests 

Plants 

Reptiles   and 
batrachians. 

Animals 

Plants 

Animals 

Planta 

Birds 

Animals 

Animals  and 
planta. 


Rank. 


*  In  the  few  cases  In  which  the  peninsula  has  been  divided,  the  assignment  here  given  relates  to  the 
aouthem  extremity. 

SOUTHERN  FLORIDA. 

The  large  number  of  tropical  forms  of  life  inhabiting  southern  Florida 
early  led  to  its  separation  from  the  rest  of  the  Atlantic  region  by  writers 
on  the  distribution  of  animals  and  plants.  Lesson  (in  1831)  placed  it 
along  with  Mexico  in  his  south  temperate  zone.  Hinds  (in  1843), 
recognizing  its  Antillean  affinities,  placed  the  southern  extremity  of 
the  peninsula  (south  of  latitude  27°)  in  his  West  India  region. 
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The  extent  to  which  southern  Florida  has  been  recognized  as  fiau- 
nally  and  florally  distinct  from  the  rest  of  the  United  States  is  shown  in 
the  following  table: 


Date. 

1831 
1843 
1851 
1858 
1859 
1866 
1866 
1870 
1871 
1873 

1874 
1883 
1883 
1884 
1887 
1887 
1887 
1888 
1890 


Author. 


Name  given  to  region. 


Based  on- 


Rank. 


Lesson [  Florida  division  of  south  temperate  zone]  . 


Hinds  

Binney  (A.) 

Cooper 

LeConte 

Baird 

Verrill 

Brown 

Alien 

Cope 


Porter 

Packard  .... 

Jordan 

Sargent 

Drude 

Relchenow. 

Brendel 

Schwarz  — 
Merriam... 


[Florida  division  of  West  India  region] . . 

Peninsula  of  Florida 

Floridian  region 

Sub-tropical  province 

[Florida  division  of  Atlantic  region] 

[Florida  di\isiou  of  West  Indian  region] . 

Florida  sub-region 

Floridian  fauna 

Floridian  district 


Birds 

PlanU 

Mollusks 

Forests 

Insects  

Birds 

...do 

Forests 

Birds 

Reptiles   and 
batrachians. 

Plants 

Animals 

Mollusks 

Foresta 


Florida  region 

[Florida  division  of  Antillean  region] 

[Florida  division  of  neo-tropical  province] 

Semi-tropical  forest  of  f  lorida 

[Florida  division  of  Antillean  region {  Plants . 

[Florida  division  of  South  American  region] i  Birds  . . 

South  Florida  [Antillean] Plants. 

[Florida  division  of  Antillean  region] Insects 


[Florida  division  of  Antillean  sub-region]. 


Animals  and 
plants. 


ANTILLKAN  DIVISION. 


The  fauna  and  flora  of  the  West  Indies  have  been  variously  inter- 
preted by  different  writers,  some  placing  the  region  in  South  America, 
others  in  Mexico,  and  others  still  raising  it  to  independent  rank. 

In  1822,  Schouw,  in  mapping  the  plant  areas  of  the  world,placed  it 
in  his  '^  Jacquin's  realm  or  realm  of  cactuses  and  peppers."  Subse- 
quently, however  (in  1833),  he  gave  it  independent  primary  rank, 
naming  it  "  Swartz's  realm."  Martius,  in  1837,  was  first  to  bestow  the 
name  "Antillean  realm''  upon  this  region,  which  he  regarded  as  a 
division  of  primary  rank,  comprising  the  West  Indies  and  adjacent 
coasts  of  South  and  Central  America.  The  same  arrangement  was 
retained  in  his  lecture  on  floral  realms  in  1865. 
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The  way  in  which  the  West  Indies  have  been  regarded  by  diflferent 
writers  is  shown  in  the  following  table: 


Date. 

1820 
1822 

1830 

1831 

183:i 

1835 

1837 

1838 

18a 

1843 

1845 

1846 

1854 

1856 

1858  ' 

1866  I 

1866  I 

1868 

1870  I 

1875 

1876 

1882 

1883 

1883 

1884 

1886 

1887 

1887 

1890 


Author. 


Be  CAndoUe  . 
Schouw 


Pickering — 

Lesson 

Schouw 

De  Candollu  . 

Martius 

Berghaus — 

Pompper 

Hinds 

Berghaus — 

Wajcner 

Agassis 

Woodward  .. 

Sclater 

Baird 

Grisebach  . . . 

Haxley 

Brown 

Sclater 

Walhice 

Engler 

Packard 

Jordan 

Dnide 

Hartlaub  ... 
Hellprln.... 
Reichenow  . 
Merriam — 


How  regarded. 


Based  on— 


As  an  independent  region 

As  part  of  his  realm  of  cactuses  and    peppers 

(Mexican). 
As  part  of  his  American  inter-tropical  region  . . . 

As  part  of  his  equatorial  zone 

As  an  independent  realm  (Swartx*s  realm) 

As  an  independent  region 

As  an  independent  realm  ( Antillean  realm) 

As  an  independent  realm  (Swartz's  realm) 

As  part  of  his  north  warm  zone 

As  an  independent  realm  (West  Indian  region) . . 

As  part  of  his  tropical  province 

As  part  of  his  tropical  American  province 

As  a  sub-division  of  his  Central  American  region 
As  an  independent  province  (Antillean  province) 

As  a  part  of  his  neo*tropical  region 

As  a  primary  region  (West  Indian  region) 

do 

As  a  part  of  his  Austro^Columbian  region 

As  an  independent  province  (Antillean  province) 
As  an  independentsnb-rDgion(  Antillean  sub-region) 

do 

As  an  independent  province 

As  an  independent  region  (Antillean  region)  . . 

As  part  of  his  neo-tropical  province 

As  an  indei>endent  region  (Antillean  district) . 
As  an  independent  region  (Antillean  region)  . . 
As  a  sub-division  of  his  neotropical  region  . . . 

As  part  of  his  South  American  region 

As  a  division  of  his  tropical  province 


Phints. 
...do.. 


...do 

Birds 

Plants 

...do 

...do 

...do 

Animals 

Plants 

Mammals 

...do 

Animals 

Mollusks 

Birds 

...do 

Plants 

Animals 

Forests 

Birds 

Animals 

Phints 

Animals 

Mollusks 

Planto 

Birds 

Animals 

Birds 

Animals   and 
plants. 


Rank. 


1 
0 

0 
0 

1 
I 
1 
1 
0 

1 

0 
0 
8 
1 
0 
1 
1 
0 

1 

2 
2 
3 
1 
0 
2 
2 
2 
0 
2 


NORTHWEST  COAST  DIVISION. 


In  1843,  Hinds,  in  maping  the  plant  regions  of  the  world,  proposed 
a  "  northwest  American  region"  for  the  area  west  of  the  Rocky  Moun- 
tains, north  of  the  Columbia  River,  and  south  of  latitude  68^  north. 
Agassiz,  in  his  paper  on  the  zoological  regions  of  the  earth  (1854),  gave 
the  name  "Northwest  Coast  Fauna"  to  essentially  the  same  area 
(shown  on  his  map  as  extending  along  the  Pacific  from  northern  Cali- 
fornia to  the  base  of  the  Unalaskan  Peninsula). 

In  1859,  Le  Conte,  who  based  his  studies  on  Coleoptera,  spoke  of  this 
region  as  the  "  Hyperborean  province"  of  the  Pacific  district;  and  the 
same  year  Cooper,  writing  of  the  forest  regions,  described  it  as  the 
"Caurine  province."  W.  G.  Binney,  in  1873,  mentioned  it  as  the 
"Oregonian  division"  of  the  Pacific  province;  Engler,  in  1882,  as  the 
"Kaloschen  zone;"  Drude,  in  1884,  as  the  "Columbian  district;" 
Nelson,  in  1887,  as  the  "Sitkan  district;"  Brendel,  in  1887,  as  the 
"North  Pacific  province." 
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PRAIRIE  DIVISION. 

A  few  botanists,  influenced  by  the  widely  different  aspects  of  nature 
resulting  from  the  presence  or  absence  of  forests,  have  recognized  a 
"  Prairie  region,"  as  one  of  the  great  floral  divisions  of  Forth  America. 
It  was  first  proposed  by  Pickering,  in  1830.  Pickering  named  it  the 
'^  Louisianian  flora,"  and  gave  its  boundaries  as  the  Mississippi  on  the 
east  and  the  Bocky  Mountains  on  the  west.  Hinds  described  it,  in 
1843,  as  "a  peculiar  tract  inclosed  by  the  vast  forests  of  North 
America,"  He  named  it  the  "  Prairie  region,"  and  said  it  extended 
"  from  within  a  hundred  miles  of  the  west  bank  of  the  Mississippi  to 
the  Eocky  Mountains,  stretching  north  to  54^  north  latitude,  and  again 
only  bounded  on  the  south  by  the  wooded  country  of  the  Texas  and  the 
Mexican  Sea." 

Coox)er,  in  his  paper  on  the  distribution  of  forests  (in  1859),  named 
it  the  Campestrian  province.  It  was  recognized  by  Brown  in  1870,  by 
Porter  in  1874,  and  by  Engler  in  1882. 

RECAPITULATION. 

It  is  seen  that  a  number  of  zoologists  and  botanists,  basing  their 
studies  on  widely  different  groups,  and  as  a  rule  ignorant  of  the  writings 
of  their  predecessors,  have  agreed  in  the  main  in  the  recognition  of  at 
least  seven  life  areasinextra-tropicalNorth  America,  namely:  (1)  An 
Arctic  area  north  of  the  limit  of  tree  growth;  (2)  a  boreal  trans-con- 
tinental coniferous  forest  region;  (3)  an  Atlantic  or  Eastern  wooded 
region  stretching  westward  from  the  Atlantic  to  the  Great  Plains;  (4) 
a  central  or  middle  region,  reaching  from  the  plains  to  the  Sierra 
i^evada  and  Cascade  Mountains;  (5)  a  Pacific  or  California  division, 
covering  the  area  between  the  east  base  of  the  Sierra  and  the  Pacific 
Ocean;  (6)  a  Louisianian  or  Austro-riparian  division,  comprising  the 
South  Atlantic  and  Gulf  States  south  of  latitude  36^;  (7)  a  Sonoran 
division,  occupying  the  high  table-land  of  Mexico  and  stretching  north- 
ward over  the  dry  interior  far  enough  to  include  the  southern  parts  of 
California,  Nevada,  Arizona,  Kew  Mexico,  and  Texas. 

With  or  without  reference  to  the  above  principal  divisions,  it  has 
been  recently  the  custom  of  zoologists,  particularly  ornithologists,  to 
sub-divide  the  eastern  United  States  and  Canada  into  several  minor 
areas  or  "faunas,'^  as  foUows:  (a)  Floridian;  (&)  Louisianian;  (c)  Caro- 
linian; (d)  Alleghanian;  (e)  Canadian;  (/)  Hudsouian;  and  (g)  Arctic. 
Of  these  the  Canadian  and  Hudsonian  form  a  part  of  the  "Boreal" 
region  above  mentioned,  and  the  Floridian  and  Louisianian  together 
make  up  the  "  Austro-riparian  "  division,  leaving  only  the  Carolinian  and 
Alleghanian  for  the  so-called  "Eastern  province"  to  rest  on.  The  true 
relations  of  these  zones  will  be  explained  later. 
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In  a  communication  I  had  tlie  honor  to  lay  before  this  society  two 
years  ago  (December  4, 1889),»  I  stated  that  the  Ilndsonian  and  Cana- 
dian zones  of  the  East  belong  to  the  Boreal  region,  and  extend  com- 
pletely across  the  continent,  and  that  the  desert  areas  of  the  West 
belong  to  the  Southern  or  Sonoran  region.  The  pine  plateau  (Pinus 
ponderosa)  of  Arizona  and  other  parts  of  the  West  was  "  shown  to 
consist  of  a  mixture  of  Boreal  and  Sonoran  types.  -  -  -  In  other 
words,  it  is  neutral  territory"  (North  American  Fauna,  No.  3,  Sep- 
tember, 1890,  p.  20).  I  remarked  farther  that  the  Carolinian  fauna 
"  is  suflfused  with  southern  forms,  and  the  Alleghanian  seems  to  be 
neutral  ground"  (Ibid.y  p.  18),  thus  implying  that  the  "neutral"  or  pine- 
plateau  zone  of  Arizona  is  the  western  equivalent  of  the  "Alleghanian 
Fauna"  of  the  East. 

In  a  subsequent  publication  (North  American  Fauna,  No.  5,  August, 
1891)  I  went  a  step  farther,  defining  the  treeless  parts  of  the  "Neutral 
or  Transition  zone,"  and  characterizing  an  "  Upper  Sonoran  zone,"  as 
distinguished  from  the  Lower  or  True  Sonoran;  but  nothing  was  said 
as  to  the  relations  of  these  zones  with  those  long  recognized  in  the  East. 

The  time  has  now  arrived,  however,  when  it  is  possible  to  correlate 
the  Sonoran  zones  of  the  West  with  corresponding  zones  in  the  East, 
as  was  done  two  years  ago  in  the  case  of  the  Boreal  zones,  and  as  was 
intimated  in  the  case  of  the  Neutral  or  Transition  zone.  It  can  now 
be  asserted  with  some  confidence  not  only  that  the  Transition  zone  of 
the  West  is  the  equ^ivalent  of  the  Alleghanian  of  the  East,  but  also 
that  the  Upper  Sonoran  is  the  equivalent  of  the  Carolinian,  and  the 
Lower  Sonoran  of  the  Austro-riparian,  and  that  each  can  be  traeed 
completely  across  the  continent.  Thus,  all  the  major  and  minor  zones 
that  have  been  established  in  the  East  are  found  to  be  uninterruptedly 
continuous  w  ith  corresponding  zones  in  the  West,  though  their  courses 
are  often  tortuous,  following  the  lines  of  equal  temperature  during  the 
seasonof  reproduction,  which  lines  conform  in  a  general  way  to  the 
contours  of  altitude,  rising  with  increased  base-level  and  falling  with 
increased  latitude. 

The  Boreal  region  extends  obliquely  across  the  entire  continent 
from  New  England  and  Newfoundland  to  Alaska  and  British  Columbia, 
and  from  about  latitude  45o  north  to  the  Polar  Sea,  conforming  in  gen- 
eral directi(m  to  the  trend  of  the  northern  shores  of  the  continent.  It 
recedes  to  about  latitude  54^  on  the  plains  of  the  Saskatchewan,  and 
gives  off  three  long  arms  or  chains  of  islands,  which  reach  far  south 
along  the  three  great  mountain  systems  of  the  United  States — an 
eastern  arm  in  the  Alleghanies,  a  central  arm  in  the  Kocky  Mountains, 


*  Since  published  in  my  report  on  the  "  Results  of  a  Biological  Survey  of  the  San 
Francisco  Monntain  region  in  Arizona/'  N.  Am.  Fauna,  No.  3,  September  11, 1890. 
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and  a  western  ann  in  the  Cascades  and  Sierra  Nevada.  The  latter  at 
its  northern  base  occupies  the  entire  breadth  of  the  Pacific  Coast 
region  from  the  eastern  slope  of  the  mountains  to  the  sea,  but  in  pass- 
ing southward  bifurcates,  the  main  fork  following  the  lofty  Cascade 
and  Sierra  ranges  to  about  latitude  36^:  the  other  following  the  coast, 
gradually  losing  its  distinctive  characters  and  becoming  invaded  with 
Sonoran  forms  until  it  disappears  a  little  north  of  San  Francisco. 

The  following  genera  of  mammals  belong  exclusively  to  the  Boreal 
region,  none  of  them  ranging  south  beyond  the  Transition  zone: 


Cervos. 

Arctomys. 

Caniculus. 

Latax. 

Rangifer. 

Aplodontia. 

Zapiis. 

Gulo. 

Alee. 

Evotomys. 

Erethizon. 

Mnstela. 

Mazama. 

Phenacomys. 

Lagomys. 

Neurotrichu8(  t). 

Ovibos. 

Myodes. 

Thalarotos. 

Condylura. 

In  addition  to  the  above,  the  following  genera  are  clearly  of  Boreal 
origin,  although  reaching  and  in  some  cases  penetrating  parts  of  the 
Sonoran  region: 


Ovie. 

Castor. 

Vulpes. 

Piitorins. 

Bison.  * 

Arvicola. 

Ursus. 

Sorex. 

Tamais. 

Fiber. 

Lutreola. 

Besides  the  genera  here  enumerated,  the  following  sub-genera  belong 
to  the  Boreal  region:  Tamiasciurus  (containing  the  red  or  spruce 
squirrels),  Mynonies  and  Chilotus  (field-mice  or  voles,  of  which  Mynomes 
reaches  south  a  little  beyond  the  Transition  zone),  Teonoma  (the  bushy- 
tailed  wood-rats),  and  Neosorex  and  Atophyrax  (subgenera  of  shrews). 

The  Boreal  region  is  made  up  of  two  principal  divisions,  both  circum- 
polar:  (1)  An  Arctic  division,  above  the  limit  of  tree  growth;  and  (2) 
a  Boreal  Coniferous  Forest  division. 

ARCTIC   MAMMALS. 

(Found  above  the  limit  of  trees  and  aU  circura-polar.) 

A.  Exclusirely  Arctic. 

Eskimo Homo. 

Polar  bear Thalarctos  maritimuB. 

Barren  ground  bear Uraus  richardsoni. 

Musk  ox Chibos  moschatua. 

Barren  ground  caribou Rangifer  grccnlandicue. 

Arctic  fox Vulpes  lagopua. 

Arctic  hare Lepwi  glacialia. 

Lemming Myodes  ohensis. 

Lemming  : Cuniculus  torquatus. 

Arctic  red-backed  mouse Evolomys  rutihis. 

Parry's  sperniophile Spermoph  ilus  empeira. 

*The  fannal  position  of  the  genus  Bisan  is  not  so  certain  as  in  the  case  of  the 
other  genera  here  mentioned,  though  both  the  American  and  the  European  species 
seem  to  be  of  Boreal  origin. 
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B.  Common  to  Arctic  and  Hudsonian. 

Wolverine Gulo  Itiscus. 

Gray  wolf Cania  griseus. 

Ermine Putoriua  erminea* 

The  Boreal  Coniferous  Forest  division  may  be  subdivided  into  at 
least  two  trans-continental  zones:  (a)  Hudsonian  and  (b)  Canadian; 
and  a  third  or  "Timber-line  zone"  may  be  differentiated  from  the  Hud- 
sonian  proper.  In  speaking  of  the  divisions  of  the  Boreal  region  on 
high  mountains  it  is  customary  to  add  the  word  alpine  to  the  name  of 
the  division;  thus,  Arctic-alpine,  Hudsonian-alpine,  and  so  on. 

MAMMALS  OF  THE   BOREAL  ZONE. 
(The  letter  a  indicates  that  the  species  is  known  only  from  mountains,  or  is  in  an  alpine  form.) 


Cervns  canadensis. 
Rangifer  caribon. 
Alee  americanns. 
Mazama  montana. 
Ovis  canadensis. 

dalU. 
Scinroptems  volans  sabrinns. 
SciuTOS  fremonti. 

mogollonensis  (a). 
hudsonicns. 

californicus  (a). 
vanconverensis. 
richardsoni. 
donglassi. 
Tamias  cinereicollis  (a). 
obscnrns  (a), 
senex  (a) 
speciosas  (a), 
townsendi. 
nmbrinus  (a), 
qnadrivittatns  (a). 

amcenns  (a). 
Int-eiventris  (a). 
borealis. 
neglectus. 
Spermophilas  lateralis. 

castanurus  (a), 
chrysodeims  ^a). 
cinerascens. 
armatus  (a), 
beldingi  (a), 
cmpctra. 

kodiacensis. 
colambianns. 
Arctomjs  caligatns  (a). 
dacota  (a), 
flavi venter  (a). 


Aplodontia  major  (a). 

rufa. 
Sitomys  americanns  arcticns. 

ansterus. 
Neotoma  cinerea  drummondi. 
Phenacomys  borealis. 
celatns. 
intermedins, 
latimanns. 
longicaiidus. 
orophilus  (a). 
nngava. 
Evotorays  californicns. 
occidentalis. 
Evotomys  idaboensis. 

earolinensis  (a). 
dawsoui. 
galei  (a). 
gapperi. 

brevicaudns. 
Arvicola  nlticolns  (a), 
drummondi. 
nanus  (a), 
oregonus. 
mordax. 
longicandns. 
townsendi. 
macropiis. 
xauthognathus. 
Myodes  obensis. 
Cnniculns  torquatus. 
Zapus  hudsonins. 
Erethizon  dorsatus. 

epixanthus. 
^agomys  princeps  (a). 

licbisticeps  (a). 
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MAMMALS  OF  THE  BOREAL  ZONE. — Continued. 


Lepns  americanns. 

bairdii  (a). 

Washington!. 
Lynx  canadensis. 
Ursus  americanns. 

horribilis. 
Patorius  culbertsoni. 
longicauda. 
Mnstela  americana. 
canrina. 
penuanti. 
Sorex  belli. 

dobsoni  (a). 

foster  i. 

idahoensis. 


Sorex  monticolus  (a). 

pacificns. 

richardsoni. 

sphagnicolos. 

snckleyi. 

trowbridgei. 

vagrans. 

similis  (a). 

albibarbis. 

palustris. 

hodrodromns. 
Condylnra  cristata. 
Vesperugo  noctivagans. 
Atalapha  cinerea. 


The  Sonoran  region  as  a  whole  stretches  across  the  continent  firom 
Atlantic  to  Pacific,  covering  nearly  the  whole  country  south  of  latitude 
430  and  reaching  northward  on  the  Great  Plains  and  Great  Basin  to 
about  latitude  iS^.  It  is  invaded  fi-om  tlie  north  by  thre^  principal 
intrusions  of  boreal  forms  along  the  three  great  mountain  systems 
already  mentioned;  while  to  the  southward  it  occupies  the  great  inte- 
rior basin  of  Mexico  and  extends  into  the  tropics  along  the  highlands 
of  the  interior.  It  covers  also  the  peninsula  of  Lower  California,  the 
southern  part  of  which  seems  entitled  to  rank  as  an  independent  sub- 
division. 

The  following  genera  belong  exclusively  to  the  Sonoran  region  (as 
distinguished  from  the  boreal),  none  of  them  ranging  north  beyond  the 
transition  zone.  Those  preceded  by  the  letter  T  are  intrusions  from  the 
tropical  region. 


T  Didelphis. 
TTatusia. 
T  Dicotylos. 

Reithrodontomys.  t 

Onychomys. 

Oryzomys. 

Signiodon. 


Geomys. 

Dipodomys. 

Perodipns.  * 

Microdipodops. 

Perognathus. 

Heteromys. 

Urocyon. 


Bassariscus. 
TNasua. 
Conepatus. 
Spilogale. 
Notiosorex. 
Scalops. 
Corynorhinus. 


Euderma. 

Antrozoas. 

Nycticej  ns. 
T  M0I06SU8. 
T  Nyctinomus. 
T  Otopterus, 


•  The  generic  name  Perodipus  was  proposed  in  1867  by  Fitzinger  for  the  5-toed 
kangaroo  rats  {SHzungsher.  math,  nat  Classe,  K.  Akad.  Wise.  Wien^  1867,  lvi,  p.  126), 
thus  ante-dating  by  twenty-three  years  the  name  Dipodopa  proposed  by  the  writer 
for  the  same  type  in  ISdO  (Xorth  Am.  Faaita,  No.  3,  September,  1890,  p.  72).  Both 
generic  names  were  based  on  Dipodomys  agilis  of  Gambel,  from  Los  Angeles,  Cal. 

t  The  generic  name  Reithrodontomys  was  proposed  by  Giglioli  in  1873  (Rici^erche 
iniomo  alia  Distribuzione  Geagrafioa  GeneraUf  Roma,  1873,  p.  160),  and  ante-datea 
Ochetodon  of  Cones. 
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In  addition  U)  the  above,  the  following  genera  seem  to  be  of  Sonoran 
or  austral  origin,  although  reaching  and  in  some  cases  penetrating  a 
considerable  distance  into  the  boreal  region: 


Cariacns. 

Neotoma. 

Mephitis. 

Blarina. 

Antilocapra. 

Thomomya. 

JFelis. 

Atalapha. 

Cynorays. 

TProcyon. 

Lynx. 

Vesperugo. 

SitomyB.* 

Taxidea. 

Scapanus. 

Vespertilio. 

The  genera  Sitomys^  Mephith,  Lynx,  Atalapha^  Vesperugo,  and  Ves- 
pertilio range  well  north  in  the  Boreal  zone,  where  each  is  represented 
by  a  single  species.  In  the  Sonoran  zone,  on  the  other  hand,  these 
same  genera  reach  their  maximum  development  and  are  represented  by 
numerous  species. 

Besides  the  genera  above  enumerated,  a  number  of  sub-genera  belong 
to  the  Sonoran  region.  Among  these  are  Neosciurus  and  Faraseiurus 
(subgenera  of  Sciurus),  XerospermophiluSyf  AmmospermophiluSyX  and 
Ictidomys  (sub-genera  of  SpermophUus),  Pitymys,  Pedomys^  and  Neofiber 
(sub-genera  of  Arvicola),  and  Chwtodipus  (a  sub-genus  of  Perognathus, 
which  is  almost  entitled  to  rank  as  a  fiill  genus). 

The  Sonoran  region  may  be  divided  by  temperature  into  two  princi- 
pal trans-con  tinental  zones,  (a)  Upper  Sonoran,  and  (b)  Lower  Sonoran ;  § 
and  each  of  these  in  turn  may  be  sub-divided  into  arid  and  humid 
divisions. 

The  gray  fox,  Urocyon,  ranges  over  both  Upper  and  Lower  Sonoran 
from  Atlantic  to  Pacific;  and  pocket  gophers  of  the  genus  Geomys 
inhabit  both  these  divisions  on  the  Great  Plains  and  in  the  Mississippi 
Valley,  and  range  east  to  the  Atlantic  in  the  Austroriparian  zone. 

Both  divisions  of  the  Lower  Sonoran  are  inhabited  by  the  trans-con- 
tinental genera  Beithrodontomys,  Sigmodon,  Corynorhim^s,  Nyctinomus, 
OtoptervSj  Neotoma,  and  Spilogale,  though  in  the  west  the  two  last  men- 
tioned range  through  the  Upper  Sonoran  also. 

Tlie  humid  Lower  Sonoran  or  Austro-riparian  is  a  division  of  much 
importance.  It  begins  on  the  Atlantic  seaboard  at  the  mouth  of  Ches- 
apeake Bay  and  streti'hes  thence  southwesterly,  embracing  the  alluvial 
lands  of  the  South  Atlantic  and  Gulf  States  below  what  geologists 


*  The  generic  name  Hesperomys  being  untenable,  Allen  has  recently  snbstitnted 
for  it  the  name  Vvsperimus  proposed  by  Coues  as  a  subgenus  in  1874  (Bull,  Am,  Mus. 
Nat.  Hist.,  .Tune,  1894,  in,  No.  2,  pp.  291-297).  Vesperimus  is  ante-dated  by  Sitomys 
of  Fitziugcr,  proposed  in  1867,  aud  based  on  Capper's  Cricetus  myoides  from  Lake 
Simcoe,  Ontario,  Canada  (Siizungsber.  math,  nat,  Classe^  K,  Akad.  Whs.  Wien.  1867, 
LVi,  p.  97).  Capper's  Cricetus  myoidcsis  the  couuuon  white-footed  mouse  of  southern 
Ontario  and  northern  New  York,  which  therefore  becomes  the  typo  of  the  genus. 

t  XerospetmiophiluSy  sub-gen.  nov.,  proposed  for  Spermophilus  moharcnsis  (type)  and 
the  allied  species  of  the  S.  spUosoma  group. 

\  Ammospermophilus,  sub-gen.  nov.,  proposed  for  Spermophilus  leucurus  (type)  and 
Jellied  species. 

$  The  great  Lower  Sonoran  Zone  may  be  split  lengthwise  (in  an  east  and  weet 
direction)  into  two  belts  which  have  not  yet  been  thoroughly  differentiated. 
H.  Mis.  334,  pt.  1 25 
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know  as  the  '^  fall  line,"  rising  in  the  Mississippi  bottom  as  £ar  as  the 
junction  of  the  Ohio  with  the  Mississippi,  and  following  the  fonner  in 
a  narrow  strip  to  the  point  where  it  receives  the  Wabash.  On  the  west 
side  of  the  Mississippi  it  crosses  Arkansas,  reaches  southern  Missouri 
and  southeastern  Kansas,  and  spreads  out  over  Indian  and  Oklahoma 
Territories  and  Texas,  where  it  loses  its  moisture  and  merges  insensibly 
into  the  arid  8onoran.  Oryzomys  and  Nycticejus  are  distinctive  Aus- 
troriparian  genera.  Six  other  genera  (Neotoma^  ReithrodontomySj 
Geomys,  Spilogale,  XyctinomuSy  and  Corynm'hinus)^  which  in  the  region 
east  of  the  Mississippi  seem  to  be  restricted  to  this  division,  have  a 
more  extended  range  in  the  west.  The  cotton  rat  (Sigmodon)^  another 
characteristic  Austro-riparian  genus,  has  a  very  limited  range  in  the 
arid  Sonoran. 

The  arid  Lower  Sonoran  extends  westerly  from  the  humid  Sonoran 
to  the  Pacific,  covering  southern  New  Mexico  and  Arizona  south  of  the 
plateau  rim  (sending  a  tongue  up  the  Kio  Grande  to  a  point  above  Alba- 
querque),  the  west  side  of  which  it  follows  northerly  to  the  extreme 
northwestern  comer  of  Arizona  and  the  southwestern  corner  of  Utah 
(where  it  is  restricted  to  the  valley  of  the  lower  Santa  Clara,  or  St. 
George  Valley),  and  thence  westerly  across  Nevada,  reaching  northerly 
to  Pahranagat,  Oasis,  and  Owens  valleys,  and  thence  curving  soath- 
westerly,  following  the  eastern  base  of  the  Sierra  Nevada,  Tehachapi, 
and  Tejon  Mountains,  and  covers  the  whole  of  the  Mohave  and  Colo- 
rado deserts  and  all  the  rest  of  southern  California  except  the  moun- 
tains. It  sends  an  arm  southward  over  most  of  the  peninsula  of  Lower 
California,  and  another  northward  covering  the  San  Joaquin  and  Sac- 
ramento valleys.  The  distinctive  mammals  of  the  arid  liower  Sonoran 
are  kangaroo  rats  of  the  genus  Dipodomya,  pocket-mice  of  the  sub- genus 
Ch(etodipu8j  and  spermophiles  of  the  sub-genera  Xerospermophilus  and 
Ammospermophilus. 

The  peninsula  of  Lower  California  is  a  sub-division  of  the  arid  Lower 
Sonoran  zone.  Not  a  single  genus  of  land  mammal  or  bird  is  restricted 
to  it  and  but  two  peculiar  species  of  mammals  have  been  described. 
The  peculiar  birds  are  more  numerous,  but  with  few  exceptions  are 
only  sub-specifically  separable  from  those  of  neighboring  parts  of  the 
United  States  and  Mexico.  They  may  be  classed  in  two  categories: 
(1)  mountain  forms  derived  from  the  North  (of  Boreal  or  Transition 
origin);  and  (2)  lowland  forms  derived  from  the  contiguous  plains  (of 
Sonoran,  or  in  one  instance,  subtropical  origin).  As  would  be  ex- 
pected from  the  charai*ter  of  the  country,  the  great  majority  are  sub- 
species of  well  known  Sonoran  forms,  with  the  addition  of  a  small  num- 
ber of  peculiar  species  belonging  to  Sonoran  genera.  But  a  single  sub- 
tropical bird  is  known,  namely,  Bendroica  hryanti  castaneicepsy  and  it 
is  restricted  to  the  mangrove  lagoons. 

The  presence  of  this  sub-tropical  bird  in  the  narrow  coast  lagoons  is 
in  complete  accord  with  the  vegetation  of  the  coast  strip,  which,  as  Mr. 
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T.  8.  Brandegee  tells  us,  is  sub-tropical.*  This  indicates  the  presence 
of  a  narrow  coast  belt  similar  to  that  of  southern  Florida,  but  of  less 
extent.  It  is  possible  that  Basilinna  xantusi  is  subtropical  rather  than 
Sonoran,  but  the  details  of  distribution  of  the  genus  are  not  well 
known. 

Among  reptiles,  about  25  peculiar  species  of  snakes  and  lizards  are 
believed  to  be  restricted  to  the  peninsula,  but  no  peculiar  genus  is 
known.  Three  of  the  genera  are  tropical,  and  nine  are  arid  Lower 
Sonoran. 

In  addition  to  the  peculiar  species  and  sub-species  of  the  i>eniusula, 
many  characteristic  arid  Lower  Sonoran  forms  of  mammals,  birds,  rep- 
tiles, insects,  and  plants  abound.  Among  the  latter  maybe  mentioned 
the  highly  distinctive  Sonoran  desert  brush,  Larrea  mexicana  and 
Krameria  parvifolia. 

Cope  includes  the  whole  peninsula  in  his  Lower  California  region, 
but  other  writers  restrict  the  peculiar  fauna  and  flora  to  the  end  of 
the  peninsula  south  of  the  north  foot  of  the  mountains  between  La  Paz 
and  Todos  Santos.  Bryant  states:  "There  is  no  more  sharply  defined 
faunal  and  floral  area  that  occurs  to  me  now,  excepting  that  of  islands, 
than  is  embraced  in  the  region  above  defined,"  t  but  he  omits  to  name 
the  forms  by  which  it  is  characterized.  It  is  evident  however  that 
the  peculiar  fauna  of  the  peninsula  of  Lower  California  entitles  it  to 
rank  as  a  minor  subdivision  of  the  Lower  Sonoran  zone.  It  is  in  eflfect 
an  insular  fauna  of  recent  origin,  bearing  the  same  relation  to  that  of 
the  mainland  as  do  several  of  the  adjacent  islands. 

The  humid  division  of  the  Upper  Sonoran  comprises  the  area  in  the 
eastern  United  States  commonly  known  as  the  Carolinian  fauna.  The 
opossum  {Didelphis)  here  finds  its  northern  limit,  as  do  the  so-called 
pine-mouse  (sub- genus  Pitymys)  and  the  Georgian  bat  {Ye^erugo  geor- 
gianus).  Before  reaching  the  one  hundredth  meridian  this  area  grad- 
ually loses  its  moisture  and  spreads  out  over  the  Great  Plains  as  the 
arid  or  true  Upper  Sonoran,  reaching  an  altitude  of  about  4,000  feet 
along  the  east  foot  of  the  Eocky  Mountains  in  the  latitude  of  Colorado, 
and  sending  a  tongue  northward  along  the  Missouri  obliquely  through 
North  Dakota  and  into  eastern  Montana.  Another  sub-division  of  the 
arid  Upper  Sonoran  occupies  the  greater  part  of  the  Great  Basin 
between  the  Rocky  Mountains  and  the  High  Sierra,  reaching  northerly 
from  the  upper  border  of  the  Lower  Sonoran  to  and  including  the  plains 
of  the  Columbia  and  Snake  rivers.  Another  part  of  noteworthy 
extent  is  a  narrow  belt  encircling  the  interior  basin  of  California — the 
valley  of  the  Sacramento  and  San  Joaquin  rivers — and  a  branch  of  the 
same  along  the  coast  between  Monterey  and  the  Santa  Barbara  plain. 

*  Brandegee,  Proc,  Calif,  Acad,  Set.,  1891, 2d  ser.,  iii,  110. 

t  Walter  E.  Bryant  in  Zoe,  Oct.,  1891,  ii,  No.  3,  186.  See  also  his  important  '*  Cata- 
logue of  the  Birds  of  Lower  California,"  Proc.  Calif.  Acad.  Sci.,  1889,  2d  ser.,  ii,  237- 
320. 
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The  following  genera  of  mammals  find  their  northern  limit  in  the  arid 
Upper  Sonoran  zone:  PerodipuSy  Microdipodopsy  PerognothttSj  Onycho- 
mygj  SpilogalCy  Urocyoriy  BassariscuSj  and  Antrozous. 

Interposed  between  the  Boreal  and  Sonoran  regions  throughout  their 
numerous  windings  and  interdigitations,  is  the  Neutral  or  Transition 
zone.  The  humid  division  of  this  zone,  known  as  the  Alleghanian 
fauna,*  covers  the  greater  part  of  Kew  England  (except  Maine  and 
the  mountains  of  Vermont  and  New  Hampshire)  and  extends  westerly 
over  the  greater  part  of  New  York,  southern  Ontario,  and  Pennsyl- 
vania, and  sends  an  arm  south  along  the  Alleghanies  all  the  way  across 
the  Virginias,  Carolinas,  and  eastern  Tennessee,  to  northern  Georgia 
and  Alabama.  In  the  Great  Lake  region  this  zone  continues  westerly 
across  southern  Michigan  and  Wisconsin,  and  then  curves  northward 
over  the  prairie  region  of  Minnesota,  covering  the  greater  parts  of 
North  Dakota,  Manitoba,  and  the  plains  of  the  Saskatchewan;  thence 
bending  abruptly  south,  it  crosses  eastern  Montana  and  Wyoming, 
including  parts  of  west-em  South  Dakota  and  Nebraska,  and  forms  a 
belt  along  the  eastern  base  of  the  Eocky  Mountains  in  Colorado  and 
northern  New  Mexico,  here  as  elsewhere  occupying  the  interval  between 
the  Upper  Sonoran  and  boreal  zones. 

In  Wyoming  the  transition  zone  passes  broadly  over  the  weU-known 
low  divide  of  the  Eocky  Mountains,  which  affords  the  route  of  the 
Union  Pacific  Eailway,  and  is  directly  continuous  with  the  same  zone 
in  parts  of  Colorado,  Utah,  and  Idaho,  skirting  the  boreal  boundaries 
of  the  Great  Basin  all  the  way  around  the  plains  of  the  Columbia, 
sending  an  arm  northward  over  the  dry  interior  of  British  Columbia, 
descending  along  the  eastern  base  of  the  Cascade  Eange  and  the  High 
Sierra  to  the  southern  extremity  of  the  latter,  and  occupying  the  sum. 
mits  of  the  coast  ranges  in  California  and  of  many  of  the  desert  ranges 
of  the  Great  Basin. 

The  transition  zone,  as  its  name  indicates,  is  a  zone  of  overlapping 
of  boreal  and  Sonoran  types.  Many  boreal  genera  and  species  here 
reach  the  extreme  southern  limits  of  their  distribution,  and  many 
Sonoran  genera  and  species  their  northern  Ihnits.  But  a  single  mam- 
malian genus  (Synaptomys)  is  restricted  to  the  transition  zone,  and 
future  research  may  show  it  to  inhabit  the  boreal  region  also. 


a  his  highly  important  work  on  Lake  Superior,  clearly  rec- 
ture  of  this  zone,  for  he  says :  *'  The  State  of  Massachusetts, 
?(l  into  the  ocean  eastward,  or  rather  the  region  ext^mding 
)  parallel  through  the  State  of  New  York,  forms  a  natural 
tion  of  the  warm  temperate  zone  and  that  of  the  cold  tem- 
t  only  is  this  also  the  northern  limit  of  the  culture  of  fruit 
iially  remarkahle  for  the  great  variety  of  elegant  shrubs 
on  its  northern  borders,  where  we  find  so  groat  a  variety 
he  genera  Celastrus,  Crataegus,  Ribes,  Cornus,  Hamamelis, 
iora,  Azalea,  Rhododendron,  Andromeda,  Clethra,  Vibiir- 
os,  Dirca,  Celtis,  etc."     (Lake  Superior,  1850, 182-183.) 
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The  following  boreal  genera  of  mammals  disappear  in  the  transition 
zone: 


Tamias." 

Zapas. 

Valpes.* 

UrsuB.* 

Fiber,  t 

ErethizoD. 

Cervii8. 

Neurotriohus. 

Evotomys. 

Arotomys. 

Ovie.* 

Condylura. 

The  following  Sonoran  genera  of  mammals  disappear  in  the  transi- 
tion zone: 


Antilocapra. 

Geomys. 

PerognathuB. 

Urocyon.l 

Cynomys. 

Thomomys.} 

Bassariscos.t 

Soalops. 

Spilogale.t 

As  already  stated,  the  only  mammalian  genus  apparently  restricted 
to  the  transition  zone  is  Synaptotnys,  a  lemming  mouse.  A  number  of 
species  however  seem  to  be  nearly  or  quite  confined  to  this  zone* 
Among  these  are  the  following: 


Sciartis  aberti. 
fo88or.ll 

caroliuensis  leucotis. 
Tamias  merriami. 
minimus. 

pictos. 
striatas. 
Spermophilus  elegans. 

rlcliardsoni. 
obsoletos. 
Arvicola  pallidas. 
Syuaptomys  cooperi. 
Lepus  americanus  virginianus. 
campestris. 
idahoeusis.il 
sylraticus  nuttalli.|| 


Spermophilus  spilosoma  prateusis. 
grammuriis. 
townseudi.ll 
Cyuomys  lencurus. 
Sitomys  uebrasceusis. 
boylii. 

michiganensis. 
Arvicola  mogollonensis. 
austerus  minor, 
curtatus. 
PerognathuH  fasciatus. 

olivaceous. 
Putorius  nigripes.ll 
Vulpes  velox. 
Scapanus  americanus. 
Vespertilio  melanorhinus. 


Local  elevations  of  the  land  in  the  Sonoran  region  are  capped  with 
isolated  patches  of  transition  or  boreal  species,  according  to  the  tem- 
perature to  which  their  summits  attain ;  and  if  the  elevation  is  sufficient 
to  secure  a  boreal  fauna  and  flora,  the  latter  is  always  separated  from 


*  Except  one  species,  which  inhabits  a  limited  part  of  the  Sonoran  region. 

t  Fiber  ranges  south  beyond  the  normal  limit  of  the  transition  zone,  but  it  does  so 
along  the  banks  of  cool  streams  that  give  it  a  much  lower  temperature  than  that  of 
the  surrounding  atmosphere.  It  is  probable  that  both  Fiber  and  Castor  should  be 
classed  with  aquatic  species,  the  limits  of  their  distribution  dejtendiug  on  the  tem- 
perature of  the  water.  The  same  is  true  in  a  less  degree  of  the  paludal  sub-genera 
Neosorex  and  Atophyrax  (of  Sorex)  and  of  the  semi -amphibious  members  of  the  sub- 
genus Mynomes  {of  Arvicola), 

t  These  genera  barely  enter  the  transition  zone  at  all  except  iu  a  very  small  area 
in  the  far  West. 

^  Except  ou  high  mouutaius  iu  the  Sonoran  region. 

II  Range  down  into  Upper  Sonoran  also. 
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the  Sonoran  of  the  surrounding  plane  by  a  belt  or  girdle  of  transition 
zone  forms. 

The  tropical  region  reaches  the  United  States  at  two  remote  points- 
Florida  and  Texas.  In  the  former  it  exists  as  a  narrow  sub-tropical 
belt  encircling  the  southern  half  of  the  peninsula  from  Cape  Malabar 
on  the  east  to  Tampa  Bay  on  the  west.  In  Texas  it  crosses  the  Lower 
Kio  Grande  from  Mexico,  and  extends  north  to  the  Nueces  Biver.  In 
western  Mexico  the  tropical  region  reaches  Mazatlan. 

Fourteen  famiUes  of  tropical  mammals  inhabit  North  America  north 
of  Panama,  namely: 


Didelphidffi. 

DicotylidsB. 

Procyon'diB. 

HapalidsB. 

BradypodidaB. 

TapiridflB. 

SolenodontidflB. 

Cebidffi. 

Myrmecophagidse. 

Octodontid®. 

EmbaUonuridflB. 

DasypodidaB. 

Dasyproctidse. 

PhyUoetomatidaB. 

Of  the  above  fourteen  families,  six  reach  the  United  States,  namely, 
JHdelphidw,  BasypodidWy  BicotylidWj  ProcyonidcBj  EmhallonuridWj  and 
Phyllostomatid^JBj  and  two  of  the  latter  {Didelphidw  and  Procyonidce) 
penetrate  the  entire  breadth  of  the  Sonoran  region,  the  Proeyonidw 
even  entering  the  lower  edge  of  the  Boreal.  Descending  from  families 
to  genera,  it  is  found  that  no  less  than  sixty- two  tropical  genera  of  non- 
pelagic  mammals  inhabit  North  America  north  of  Panama,  of  which 
number  nine  enter  the  United  States  from  Mexico,  namely,  IHdelphiSj 
Tatusiay  DicotyleSy  Ndsua,  ProcyoUj  FeliSj  Molossus^  NyctinomtiSy  and 
Otopterus.  Of  these,  Did^phiSj  FeliSy  and  Procyon  now  reach  consid- 
erably fiirther  north  than  the  others,  as  just  pointed  out  in  speaking 
of  the  families  to  which  they  respectively  belong.  In  explanation  of 
this  extended  range  it  is  found  that  these  genera  inhabited  North 
America  in  pre-glacial  times,  and  as  a  consequence  have  become  accli- 
matized to  a  wider  range  of  climatic  conditions.  The  semi-tropical 
belt  of  Florida  is  not  known  to  possess  any  tropical  mammals  except 
bats  and  a  large  indigenous  mouse  (Sit^mys  macropua),*  but  it  has  not 
been  explored  by  experienced  mammal  collectors.  Still,  its  recent 
origin  and  complete  isolation  from  other  tropical  areas  would  indicate 
the  absence  of  terrestrial  species  derived  from  the  south.  At  the  same 
time  it  is  known  to  be  rich  in  tropical  plants,  land  shells,  insects,  and  birds, 
as  is  shown  in  another  part  of  the  present  paper  (see  post  pp.  404, 
405).  It  contains  nine  genera  of  tropical  birds,  namely  ZetiaidUj  Oeo- 
trygofiy  StarncmaSj  EostrhamvSj  PolybortiSj  Crotophdgaj  Euetheia^  Calli- 
chelidony  and  Ccereha. 

The  following  sixty-two  genera  of  mammals  belong  to  the  North 
American  tropical  region.  The  nine  preceded  by  the  letter  8  enter 
the  southern  United  States,  which  they  penetrate  varying  distances. 
Kyctinajnus  and  Otopterus  inhabit  the  Lower  Sonoran  zone  in  common 

*  Described  by  the  writer  as  Hesperomya  macropua  in  N,  Am,  Fauna,  No.  4,  Oct., 
1890,  p.  53. 
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with  the  tropical;  IHdelphis  pushes  completely  through  the  humid 
division  of  the  Sonoran  region;  and Felis  and Procyon  enter  the  lower 
edge  of  the  boreal. 

NORTH  AMERICAN  TROPICAL  GENERA. 


Chironectes. 

Stenoderma. 

Noctilio. 

MimoD. 

^DidelpMs. 

Chiroderma. 

8  Molosans. 

Hemiderma. 

Bradypos. 

Pygoderma. 

S  NyctinomoB. 

GloBBophaga. 

CholoBpns. 

Stornira. 

Chilonyoteris. 

PhyllonycteriB, 

Myrmecophaga. 

Brachyphylla. 

Mormops. 

Monophylla. 

Tamandna. 

^FeUs. 

Centario. 

Leptonycteris . 

Cyclotnras. 

8  Procyon. 

Desmodos. 

Glossonycteris. 

S  Tatasia. 

BassaricyoQ. 

Diphylla. 

Choeronycteris. 

S  Dicotyles. 

/SNasoa. 

Midas. 

ArtibeoB. 

ElaBmognathuB. 

Cercoleptes. 

Mycetea. 

Vampyrops. 

Capromys. 

Galictis. 

Lonchorhina. 

Chrysothrix. 

Plagiodontia. 

Solenodon. 

8  Otopterus, 

NyctipithecuB. 

Echinomys. 

NataluB. 

Vampynw. 

Ateles. 

Synetheres. 

Rbynchonycteris. 

Micronyoteris. 

CebuB. 

Dasyproota. 

Saccopteryx. 

TrachyopB. 

CoBlogenys. 

Dicliduras. 

PhylloBtoma. 

Eecapitulating,  it  is  found  that  of  the  134  genera  of  non-pelagic 
mammals  inhabiting  North  America  north  of  Panama,  53  are  exclu- 
sively tropical,  20  exclusively  Sonoran,  and  20  exclusively  boreal.  In 
addition  to  these  genera,  which  do  not  outstep  the  limits  of  the  regions 
to  which  they  severally  belong,  a  number  of  others  are  clearly  referable 
to  the  same  regions,  though  ranging  varying  distances  beyond  their 
proper  boundaries.  Including  these  genera,  the  number  belonging  to 
each  region  is  as  follows:  Tropical,  62;  Sonoran,  34;  boreal,  31;  thus 
leaving  but  7  genera  out  of  a  total  of  134  that  are  not  distinctly  refer- 
able to  one  of  the  three  regions.  One  of  these  {Synaptomya)  is  not 
known  to  occur  outside  the  limits  of  the  transition  zone,  leaving  but 
six  genera  that  have  not  been  assigned.  These  genera  are  SeiuropteruSy 
Sciurus,  8pernwphilu8y  Lepus,  CaniSj  and  Lutra,  each  of  which  ranges 
over  large  parts  of  both  boreal  and  Sonoran  regions.  All  except  Sper- 
mophilns  inhabit  the  tropical  region  also,  and  all  are  of  great  antiquity, 
as  will  be  shown  presently  (p.  393).  The  genera  Spermophilus  and  Lepm 
might  be  referred  to  the  Sonoran  region,  because  the  great  majority  of 
their  species  are  confined  to  it;  and  for  the  same  reason  Seiurus  might 
be  considered  tropical  and  Sonoran. 

Omitting  Mexico  and  Central  America,  and  regarding  the  9  intru- 
sive tropical  genera  already  mentioned  as  Sonoran  (in  contradistinc- 
tion to  borea1),it  is  found  that  81  genera  of  non-pelagic  mammals  inhabit 
the  United  States  and  Canada,  of  which  43  may  be  looked  upon  as  of 
Sonoran  origin  and  31  as  of  boreal  origin.  The  7  genera  remaining  are 
those  mentioned  in  the  last  paragraph. 
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Geographic  distribution  of  North  American  genera  of  nonpelagic  mammaU  occurring 

north  of  Mexico. 


BOREAL  GENERA. 

Cervus. 

Arctomys. 

Cuniculus. 

Gulo. 

Ranglfer. 

Aplodontia. 

Zapns. 

Mustela. 

Alee. 

Castor.* 

Erethizon. 

Lutreola.* 

Ovie.* 

Arvicola.* 

Lagomys. 

Putorius.* 

Mazama. 

Fiber.* 

Vulpes.* 

Sorex.* 

Bison,  (t) 

Evotomys. 

Ursus.* 

Neurotrichus.  (t) 

Ovibos. 

Phenacomys. 

Thalarctos. 

Condylura. 

Tamiaa.* 

Myodes. 

Latax. 

80N0RAN  GENERA. 

Cariacus.t 

Geomys. 

BassariscuB. 

CorynorhiuuB. 

Antilocapra. 

Tliomomys. 

Taxidea. 

Euderma. 

Cynomys. 

Dipodomys. 

Couepatus. 

Autrozous. 

Reithrodontomys. 

Perodipas. 

Mephitis,  t 

Nycticejus. 

OnychomyB. 

Microdipodops. 

Spilogale. 

Vesperugo.t 

Sitomys.t 

Perognathus. 

Motiosorex. 

Atalaplia.t 

Oryzomys. 

Heteromys. 

Blarina.t 

Vespertilio.t 

Sigmodon. 

Lynx.t 

Soapanos. 

Neotoma.t 

Urocyon. 

Sca^ops. 

TROPICAL  GENERA. 

DidelphiB. 

Felis.t 

Nasua. 

Nyctinomus. 

Tatueia. 

Procyon.t 

Molossus. 

Otopterus. 

Dicotyles. 

TRANSITION 

ZONE  GENERA. 

Synaptomys. 

GENERA  INHABITING  BOTH 

BOREAL  AND  SONORAN  ZONKS. 

Sciuroptenis. 

Spermophilus. 

Lutra. 

Lepus. 

SoiuruB. 

Canis. 

DISTINCTNESS  OF  THE  TROPICAL  REGION  FROM  THE  SONORAN. 

It  has  beea  shown  that  the  fauna  and  flora  of  tropical  America  reach 
the  United  States,  though  in  a  somewhat  dilute  condition,  along  the 
Lower  Eio  Grande  in  Texas  and  in  southern  Florida,  and  that  in  the 
vast  majority  of  ca.se8  their  genera  and  species  differ  widely  from  those 
of  other  parts  of  America.  Except  for  the  presence,  chiefly  in  the  south- 
ern United  States,  of  a  comparatively  few  forms  derived  from  the 
tropical  region,  the  fauna  and  flora  of  North  America  are  as  distinctive 
and  independent  of  the  existence  of  this  area  as  if  separated  from  it  by 
the  broad  ocean.  Among  the  eighty-one  genera  of  non-pelagic  Mam- 
malia inhabiting  North  America  north  of  Mexico  the  number  of  these 

*  Having  one  species  in  Sonoran  zone  or  reaching  Sonoran. 

t  Having  one  species  in  Boreal  zone  or  reaching  southern  edge  of  Boreal. 
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intrusive  genera  is  only  nine,*  as  has  been  shown,  and  three  of  these 
are  bats.  These  genera  are:  Didelphis  Tatusiay  DicotyleSj  FeliSj  Pro- 
eyon,  Kasuaj  Molossus^  Nyctmommj  and  Otopterm,  Tatima  and  Nasua 
barely  reach  our  southern  boundary;  DicotyUs  extends  only  part  way 
through  Texas;  Moloasm  a  short  distance  into  southern  Oaliforuia; 
yyctinomus  and  Otopterm  do  not  pass  beyond  the  lower  Sonoran  zone, 
and  Didelphis  is  restricted  to  the  humid  division  of  the  Sonoran.  Out 
of  the  nine  intrusive  genera,  therefore,  but  two  {Felis  and  Procyon) 
reach  the  southern  edge  of  the  Boreal. 

On  the  other  hand,  a  few  groups,  such  as  the  wolves,  otters,  squirrels, 
and  rabbits  (genera  Canis,  Lutra^  Sciurus,  Sciuropterus,  Spermophilusj 
and  Lepus)  occur  over  large  parts  of  both  North  and  South  America, 
presenting  a  seeming  obstacle  to  the  acceptance  of  the  view  that  the 
faunas  in  question  are  so  wholly  dissimilar.  But  investigation  shows 
that  these  animals  are  almost  world-wide  in  distribution,  implying  great 
antiquity  of  origin^  and  remains  of  most  of  them  have  been  found  as  low 
down  at  least  as  the  Miocene  strata  in  both  America  and  Eurasia. 
Hence  it  is  clear  that  these  types  became  diffused  over  North  and  South 
America  at  a  very  distant  period,  and  their  peculiar  habits  of  life,  though 
wholly  dissimilar,  enabled  them  to  survive  the  great  mutations  these 
land  areas  have  undergone  since  Miocene  times. 

The  paucity  of  species  of  tropical  derivation  in  North  America  is  the 
more  remarkable  in  view  of  the  absence  of  barriers  of  any  kind,  save 
climatic  conditions  alone,  to  impede  the  free  ingress  of  species  from  the 
south.  No  mountain  range  or  arm  of  the  sea  or  other  tangible  obstacle 
marks  the  northern  boundary  of  the  serai-tropical  fauna  of  northeastern 
Mexico,  where  it  ends  abruptly  near  the  Nueces  River  in  Texas,  or  the 
semi-tropical  belt  of  Florida,  where  it  ends  near  Tampa  Bay  on  the 
west  and  Cape  Malabar  on  the  east. 

If  the  tropical  fauna  and  flora  stopped  at  the  narrow  Isthmus  of 
Panama,  or  even  in  southern  Nicaragua,  where  the  last  union  of  the 
North  and  South  American  continents  probably  took  place,  the  case 
would  be  very  different,  but  instead  of  doing  this  it  pushes  northward 
1,500  to  2,000  miles  and  ends  abruptly  where  the  most  painstaking 
search  fails  to  reveal  any  barrier  to  further  extension,  except  an  uncon- 
genial decrease  in  temperature  and  humidity.  (See  also  remarks  under 
change  of  climate  following  Pleistocene  times,  p.  398.) 

No  more  striking  illustration  could  be  desired  of  the  potency  of  cli- 
mate compared  with  the  inefficiency  of  physical  barriers  than  is  pre- 
sented by  the  almost  total  dissimilarity  of  the  North  American  Tropical 
and  Sonoran  regions,  though  in  direct  contact,  contrasted  with  the 
great  similarity  of  the  Boreal  regions  ol  North  America  and  Eurasia, 
now  separated  by  broad  oceans,  though  formerly  united  doubtless  in 
the  region  of  Bering  Sea.    Of  the  thirty-one  Boreal  genera  of  North 


*  Among  birds  the  number  of  intrusive  forms  is  greater,  as  would  T»e  expected  fr^ 
their  superior  powers  of  locomotion  and  dispersion. 
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American  mammals  all  but  eight,  or  three-fourths,  occur  also  Id  Eurasia, 
and  but  a  single  family  is  restricted  to  cold-temperate  America.  This 
family  (the  AplodanticUe)  is  the  sole  representative  of  a  group  approach- 
ing extinction,  and  the  accident  of  its  survival  (in  a  single  genus  and 
two  closely  related  species)  in  a  very  limited  area  along  our  west  coast 
can  hardly  be  construed  as  of  much  faunal  significance.  Contrasted 
with  this  one  family  (which  ought  not  to  be  counted)  and  eight  genera 
of  Boreal  North  American  mammals  not  occurring  in  Eurasia,  tropical 
North  America  (Central  America  and  part  of  Mexico,  exclusive  of  the 
West  Indies)  has  no  less  than  eight  families  and  fifty-three  genera  not 
belonging  to  the  immediately  adjoining  Sonoran  region  of  the  southern 
United  States  and  the  plateau  of  Mexico. 

THE  SONORAN  NOT  A  TRANSITION  REGION. 

Before  leaving  this  part  of  the  subject  reference  should  be  made  to 
the  view  recently  advanced  by  some  naturalists,  notably  by  Angelo 
Heilprin,  that  the  Sonoran  region  is  itself  a  "Transition  region'' 
between  the  Boreal  and  Tropical  faunas  and  floras.  The  incorrect- 
ness of  this  hypothesis  is  easily  demonstrated,  for  it  rests  upon  the 
assumption  that  the  Sonoran  region  is  a  mixture  of  Boreal  and  Tropical 
forms.  The  contrary  has  just  been  shown  to  be  the  case,  the  hiatus 
between  the  Sonoran  and  Boreal  on  the  one  hand  and  the  Sonoran  and 
Tropical  on  the  other  being  not  only  immense,  but  vastly  greater  than 
that  between  Boreal  America  and  Eurasia. 

DIFFERENTIATION  OF  LIFE  FROM  THE  NORTH  SOUTHWARD. 

Animals  and  plants  inhabiting  the  Arctic  regions  are  usually  spe- 
cifically identical  throughout  Arctic  America,  Greenland,  and  the  polar 
parts  of  Eurasia  and  outlying  islands,  while  as  they  diverge  fix)m  the 
pole  southward  tbey  tend  to  split  up  into  many  species;  in  other  words, 
Boreal  species  are  more  stable  and  persistent  than  those  inhabiting 
warmer  countries.  The  explanation  of  this  fact  is  obvious.  The  iden- 
tity of  climate  and  environment  throughout  the  Arctic  zone  tends  to 
preserve  identity  of  specific  characters,  giving  rise  to  a  homogeneous 
fauna  and  flora,  while  the  diversity  of  physical  conditions  and  climatic 
influences  prevailing  in  an  increasing  degree  at  greater  distances  from 
the  pole  exerts  a  powerful  influence  upon  the  various  forms  of  life, 
producing  first  local  geographic  races  or  sub-species,  then  species,  and 
finaUy  groups  of  species  constituting  well-marked  sub-genera  and  even 
genera,  giving  rise  to  greatly  diversified  faunas  and  floras.  Thus 
among  mammals  the  polar  or  ice  bear  ( Thalarctos  maritimus)  has  no 
very  near  relative,  and  is  replaced  in  the  tundras  by  the  brown  and 
barren-ground  bears  ( TJrsm  arctos  and  richardsoni),  which  run  into 
sever  ^essdtotinct  forms,  as  tbe  snow  bear  {U.  \sabellinus\ 

'^yrit  '^^B)  Ai^d  hairy-eared  bear  ( 27.  pucator).    Besides 
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these  are  the  grizzly  ( U.  horribilis)y  of  which  two  forms  may  be  recog- 
nized) and  the  black  bears  of  America  and  Eurasia  ( U.  americanusy 
torquatusj  and  japonieus) ;  and  still  farther  southward  the  group  be- 
comes differentiated  into  several  well-marked  genera. 

In  like  manner  the  Arctic  fox  is  replaced  to  the  southward,  first,  by 
the  red  foxes  of  America  and  Eurasia,  of  which  several  sub-species  are 
known;  second,  by  a  number  of  quite  distinct  species;  and  third,  by 
additional  types,  at  least  one  of  which  in  our  country  is  entitled  to 
generic  rank  ( Urocyon). 

The  ermine  and  polar  hare  are  the  sole  Arctic  representatives  of 
groups  which  in  the  temperate  parts  of  Europe  and  America  comprise 
many  distinct  species,  and  in  the  case  of  the  former,  several  well- 
marked  sub-genera. 

The  Arctic  lemmings  (genera  Myodes  and  Cuniculus)  are  numerously 
represented  in  the  north  temperate  parts  of  the  world  by  the  genera 
Mlobiusj  SynaptomySj  Phenacomysy  EvoiomySj  Fiber j  and  Arvicola. 

It  is  not  to  be  inferred  from  the  above  remarks  that  the  polar  repre- 
sentatives  of  these  various  groups  are  to  be  looked  upon  as  the  parent 
stocks  from  which  the  other  members  sprang.  Usually  the  reverse  is 
the  case,  for  groups  of  Boreal  origin  that  now  attain  their  maximum 
development  in  the  north  temperate  regions  have  their  Clumber  reduced 
in  the  Arctic  circle  to  a  single  representative.  But  regardless  of  cen- 
ters of  origin,  it  is  here  intended  to  emphasize  the  fact  that  types  in- 
habiting the  Arctic  zone  are  few  in  number  and  uniform  in  character 
throughout  their  distribution,  while  to  the  southward  the  same  types 
become  more  and  more  diversified  andnewtyx>es  appear  as  the  distance 
from  the  pole  increases,*  so  that  it  may  be  formulated  as  a  general 
proposition  that  in  continental  areas  the  further  from  the  pohs,  the 
larger  the  number  of  families^  genera,  and  species,  t 

*  The  elder  Agassiz  long  since  pointed  ont  that  '^  the  vegetation  of  the  two  conti- 
nents becomes  more  and  more  homogeneous  the  more  we  advance  northward.''  (Lake 
Superior,  1850, 153.)  Stated  conversely,  this  is  in  complete  accord  with  the  "Law 
of  differentiation  f^om  the  north  southward''  formulated  by  AUen  as  "a  constant 
and  accelerated  divergence  in  the  characters  of  the  animals  and  plants  of  successive 
regions  of  the  continent."  (Bull,  Mm.  Comp,  Zobl,  ii.,  1871, 379.)  In  a  later  contri- 
bution the  same  author  speaks  of  the  ''high  rate  of  differentiation  favored  by  trop- 
ical conditions  of  climate,"  and  adds  that  Arctic  and  cold-temperate  climates  are 
characterized  by  only  slightly  or  moderately  diversified  faunas ;  that  a  moderate 
increase  of  temperature  results  in  the  addition  of  mauy  new  types;  and  that  "a 
high  increase  in  temperature,  giving  tropical  conditions  of  climate,"  is  accompanied 
by  "a  rapid  multiplication  of  new  forms  and  a  maximum  of  differentiation." 

t  This  is  a  general  proposition  intended  to  apply  to  terrestrial  forms  of  life  col- 
lectively, and  does  not  conflict  with  the  law  that  the  maximum  number  of  species  iu 
each  particular  group  is  found  in  the  zone  or  area  which  is  the  center  of  its  distri- 
bution. 
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ORIGIN  OF  lYPES  AND  FAUNAS — GEOLOGIC  EVIDENCE. 

In  speaking  of  the  Boreal  and  Sonoran  origin  of  species  and  groups 
in  the  present  paper,  the  term  "  origin"  is  used  exclusively  in  a  sense 
intended  to  indicate  present  centers  of  distribution — not  real  or  ancient 
centers  of  origin;  for  it  must  be  borne  in  mind  that  the  history  of  the 
inhabitant's  of  the  earth  is  not  only  a  history  of  the  successive  appear- 
ance and  disappearance  of  types  now  extinct,  but  a  history  of  great 
movements— of  vast  migrations  to  and  fro  over  the  surface  of  the  globe, 
and  little  is  known  of  the  real  points  of  origin  of  our  Boreal  and  Tropi- 
cal faunas  and  floras.  The  geologic  evidence  demonstrates  that  in  the 
past  large  land  areas  have  been  many  times  joined  together  and  many 
times  rent  asunder.  The  establishment  of  land  continuity  between 
areas  previously  disconnected  has  made  it  possible  for  new  forms  of 
animals  and  plants  to  obtain  a  footing  and  spread  over  regions  pre- 
viously uninhabited  by  them,— often  doubtless  at  the  expense  of  the 
indigenous  fauna  and  flora.  Even  great  continents,  as  Korth  and 
South  America,  have  been  more  than  once  united  and  separated;  and 
the  last  union  of  these  continents  is  so  recent  we  can  distinctly  trace  at 
the  present  day  the  course  and  distribution  of  the  intrusive  forms. 

On  the  other  hand,  in  comparatively  recent  times,  multitudes  of 
si)ecies  and  genera,  and  even  families  and  higher  groups,  have  sud- 
deuly  disappeared  from  large  areas  where  they  were  formerly  abundant, 
and  some  of  them  from  the  face  of  the  earth,  so  that  the  fauna  of  the 
recent  past  compared  with  that  of  to-day  presents  some  strange  con- 
trasts. Korth  America  in  Pleistocene  times  was  inhabited  by  associa- 
tions of  mammals  not  now  living  on  this  continent,  but  found  in  as  far 
distant  parts  of  the  earth  as  Asia  and  South  America;  for  horses, 
camels,  and  elephants  then  lived  here  with  llamas,  tapirs,  and  capy- 
baras.  With  them  were  others  now  altogether  extinct,  as  huge  tigers, 
wolves,  cave  bears,  the  great  Mastodon,  the  Megatherium,  Megalonyx, 
Mylodou,  and  other  gigantic  sloths. 

GLACIAL  EPOCH. 

The  cause  of  this  sudden  extermination  of  dominant  types  is  believed 
to  have  been  the  Glacial  epoch,  which  is  known  to  have  driven  species 
of  animals  and  plants  from  the  jwles  to  the  tropics,  and  which  explains 
several  of  the  otherwise  inexplicable  problems  presented  in  the  study 
of  the  past  and  present  distribution  of  life. 

The  snows  at  the  beginning  of  the  Glacial  epoch  fell  uiwn  a  conti- 
nent of  great  forests — forests  that  gave  shelter  to  multitudes  of  mam- 
mals and  birds  and  other  forms  of  life,  a  large  proportion  of  which  uo 
longer  inhabit  America,  and  many  of  which  do  not  exist  in  any  part  of 
the  globe. 

During  the  period  of  maximum  development  the  great  glacier  is  be- 
lieved to  have  been  not  less  than  8,000  feet  in  thickness  in  northern 
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New  EDglaud,  and  its  southern  border  crossed  IJew  Jersey  and  Penn- 
sylvania, and  thence,  curving  irregularly  southwesterly  to  southern 
Illinois  and  then  northwesterly,  finally  reached  the  Pacific  Ocean  in 
British  Columbia.  The  disastrous  effect  upon  animals  and  plants  of 
this  tremendous  body  of  ice  must  have  reached  far  south  of  its  actual 
borders. 

The  Glacial  epoch  is  believed  to  have  been  made  up  of  at  least  two 
principal  and  a  number  of  minor  advances  and  retreats,  separated  by 
long  intervals  and  accompanied  doubtless  by  corresponding  fluctua- 
tions in  the  northern  boundaries  of  the  faunal  and  floral  areas  immedi- 
ately to  the  south;  for  it  is  reasonable  to  suppose  that  throughout  the 
I)eriod  covered  by  the  movements  of  the  ice  mantle,  and  probably  in 
later  pre-glacial  times  as  well,  the  forms  now  known  as  Boreal  and 
Arctic  (or  their  immediate  ancestors)  inhabited  areas  characterized  by 
temperatures  not  very  different  from  those  they  now  require,  and  that 
the  northern  limit  of  each  species  kept  at  a  certain  uniform  distance 
from  the  ice  line.  ^*  Plants,^  says  Dr.  Gray,  "  are  the  thermometers  of 
the  ages,  by  which  climatic  extremes  and  climates  in  general  are  best 
measured." 

Important  evidence  of  the  correctness  of  this  hypothesis  is  afforded 
by  the  well  known  presence  of  colonies  or  assemblages  of  arctic  species 
on  isolated  mountain  summits  in  southern  latitudes,  where  the  altitude 
carries  them  into  the  low  temperature  of  their  homes  in  the  far  north. 
It  is  obvious  that  such  colonies  could  not  have  reached  their  present 
positions  during  existing  climatic  conditions.  But  during  the  return 
movement  of  animal  and  plant  life  following  the  retreat  of  cold  at 
the  close  of  the  Glacial  epoch,  many  Boreal  species  were  stranded  on 
mountains,  where,  by  climbing  upward  as  the  temperature  increased, 
they  were  enabled  to  survive,  finding  a  final  resting  place  with  a  climate 
sufficiently  cool  for  their  needs,  and  here  they  have  existed  to  the  present 
day.* 

Throughout  the  growth  of  the  great  ice  mass  and  its  extension  from 
the  north  southward  it  is  clear  that  the  animals  and  plants  that  could 
not  keep  pace  with  its  advance  must  have  perished,  while  the  steady 
pushing  toward  the  tropics  of  those  that  were  able  to  escape  to  the 
rapidly  narrowing  land  in  that  direction  must  have  resulted  in  an  over- 
crowding of  the  space  available  for  their  needs  and  a  correspondmg  in- 
crease in  the  severity  of  the  struggle  for  existence.  The  sustaining  ca- 
pacity of  a  region  is  limited;  hence  such  a  thing  as  over-crowding,  in 
the  sense  of  greatly  increasing  the  number  of  organisms  a  region  can 
support,  is  an  impossibihty,  for  beyond  a  certain  hmit  all  excess  of  life 


*  In  a  former  commanication  attention  was  called  to  the  circnmstnnce  that  the 
presence  or  absence  of  such  arctic-alpine  colonies  on  high  volcanic  mountains  may  be 
of  use  to  the  geologist  as  affording  evidence  of  the  age  of  the  volcanic  activity  result- 
ing in  the  upheaval  of  the  mountain^  the  absence  of  Arctic  or  Boreal  forms  indicat- 
ing postglacial  origin.  (N,  Am,  Fauna,  No.  3,  September,  1890,  p.  21.) 
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must  perishj'^-over-crowdiiig  inevitably  leading  to  death.  The  mor- 
tality in  any  one  year  may  not  have  been  great,  but  during  the  many 
thousands  of  years  covered  by  the  movements  of  the  continental  ice  the 
aggregate  destruction  of  life  must  have  been  stupendous. 

Immediately  upon  the  close  of  the  Glacial  epoch,  life  began  to  reclaim 
the  regions  from  which  it  had  been  so  long  shut  out.  This  overflow 
released  the  tension  iinder  which  the  animals  and  plants  had  been  strug- 
gling for  ages  and  rendered  the  contest  for  existence  less  severe.  Over- 
production had  at  la«t  found  an  outlet,  and  life  became  possible  to  a  con- 
stantly increasing  number  of  individuals.  Normal  reproduction  was 
sufficiently  rapid  to  supply  occupants  for  the  regions  made  habitable 
by  the  slow  recession  of  the  ice,  and  the  advance  of  both  plants  and 
animals  kept  pace,  doubtless,  with  its  progressive  increase.  But  the 
species  that  survived  to  return  were  only  in  part  those  driven  out 
Many  had  been  overtaken  by  the  cold  or  had  perished  in  the  journey 
southward;  others  were  driven  into  inhospitable  regions  where  the  en- 
vironment was  not  suited  to  their  needs;  others  still  succumbed  in  the 
struggle  resulting  from  over-crowding,  and  some  that  outlived  the  first 
great  period  of  glaciation  perished  during  the  second.  Gilbert  tells  us 
that  a  detailed  study  of  the  ancient  lake  beds  of  the  Great  Basin 
"shows  two  lacustral  epochs  corresponding  to  two  glacial  epochs,  and 
correlates  the  mammalian  fauna  with  the  later  half  of  the  later  Glacial 
epoch.  Presumptively  this  date  falls  very  late  in  the  Pleistocene 
period."  ("Lake  Bonneville,''  by  G.  K.  Gilbert,  1890, 397.)  The  mam- 
malian  fauna  referred  to  comprises  an  elephant,  an  otter,  two  horses, 
three  llamas,  a  deer  of  the  genus  Cervus,  an  ox,  a  gigantic  sloth,  to- 
gether with  three  species  now  living,  namely,  the  coyote,  beaver,  and 
pocket  go^^her  (Thomomys).  No  new  types  came  in  to  take  the  place 
of  those  exterminated;  hence  we  in  the  United  States  now  live  in  a 
region  deprived  of  many  of  the  groups  to  which  it  gave  birth,  and  we 
are  forced  to  visit  remote  parts  of  the  earth  to  see  animals  and  plants 
that  once  attained  their  maximum  development  in  North  America, 
while  others  that  formerly  flourished  here  are  entirely  extinct. 

Not  only  are  the  pre-Pleistocene  animals  and  plants  now  represented 
imperfectly  and  in  greatly  reduced  numbers,  but  the  areas  at  present 
inhabited  by  their  descendants,  except  in  the  case  of  the  Boreal  forms, 
are  insignificant  in  comparison  with  their  former  extent.  It  should  be 
remembered  that  the  refrigeration  of  the  Glacial  epoch  has  only  in  part 
disappeared.  In  early  Pliocene  times  characteristic  representatives  of 
sub -tropical  faunas  and  floras  existed  northward  over  much  of  the 
United  States  and  Canada,  and  in  still  earlier  times  reached  the  Arctic 
Circle.*  During  the  advance  of  cold  in  the  Glacial  epoch  these  forms 
were  either  exterminated  or  driven  southward  into  the  narrow  tropical 
parts  of  Mexico  and  Central  America.    The  retreat  of  cold  at  the  ter- 


"  Among  tree8  fossil  remains  of  magnolia^  sassafras,  and  liqaidamber  have  been 
juiid  in  Greenland. 
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I  of  this  period  t»$  uot  coBipieie^  nad  our  conuttont  Ims  ftevtr 
[  its  ioftmei  varatb.  Hence  the  expelled  specm  wt^ne^  not  per^ 
■ittod  to  adrmoce  iDore  than  «  short  distance  into  the  re^THMn  fomeriy 
ocmpted  hj  thenu  and  the  m>|ucal  species  haT^  been  heki  baek  and  at 
the  pcesent  day  are  not  ^mnd  except  akmg  the  extreme  southern  con> 
fines  of  ow  territtinr.  For  example,  peccarieis  in  early  Pleist^K^ne  times 
ranged  northward  over  a  large  i^irt  of  western  America^  while  at  iutv^< 
ent  they  ^^re  restricted  to  parts  of  Texas  and  Looisiana  below  the  tted 
Birer  trf'the  Soath;  and  the  capybaras*  tapirs,  and  other  tropical  forms 
whoee  fossQ  remains  have  been  found  in  many  imrta  of  the  Uuitetl 
States  have  not  been  able  to  return.  The  same  is  true  of  plants;  for 
the  pahnA,  tree  ferns,  and  numerous  other  tropical  t^iies  that  formerly 
ranged  over  much  of  our  country,  are  now  either  altogether  extinct  or 
exist  cmly  in  the  tropics. 

The  llama — and  many  plants — now  inhabiting  the  Andes  mi^*  belooketl 
upon  as  representing  a  class  of  cases  in  which  Boreal  forms  were  driven 
so  fur  south  that  they  actually  reached  the  great  mountain  system  of 
South  America,  and  spread  southward  over  its  elevated  plateaus  and 
dedivities  to  the  extreme  end  of  the  continent  in  Pat^^gonia  and  Terra 
del  Fuego.    This  fact  has  been  long  reoognize<l  by  botanists. 

The  pateontologic  history  of  the  earth  shows  that  many  groups  now 
unknown  came  into  existence  from  preceding  groups,  gradiially  attained 
a  fnaTifnnm  development,  and  as  gradually  passed  away;  but  there  are 
few  records  of  breaks  in  the  geologic  series,  or  of  disturbances  of  any 
kind  from  the  earliest  appearance  of  life  to  the  present  time,  that  have 
resulted  in  the  destruction  of  so  many  types  as  the  cold  of  the  OlaoiiU 
epoch. 

CAUSES   OONTEOLLINO  DISTRIBUTION. 

It  is  now  pretty  generally  conceded  that  temperature  and  humidity 
are  the  chief  factors  governing  the  distribution  of  life,  and  that  tem- 
perature is  more  potent  than  humidity.  Illustrations  of  this  law  have 
been  already  given  in  contrasting  the  humid  and  arid  ehMnents  of  the 
several  zones  with  the  zone  elements  as  llniit-iMl  by  teniporature,  and  it 
has  been  found  in  the  case  of  mammals  and  birds  that  the  oflfectH  of  tem- 
perature, estimated  numerically,  are  more  than  thrtn^  MiiieH  greater  tlian 
the  effects  of  humidity  upon  genera,  and  many  thnon  j^reat^'r  upon  the 
higher  groups. 

Authors  differ  as  to  tlie  exact  period  during  which  tenipcratnre  c^xortM 
the  greatest  influence,  but  there  can  be  little  doubt  that  for  both  ani- 
mals and  plants  it  is  the  season  of  rex^roductive  lujtivity,  and  henci^ 
varies  inversely  with  latitude  and  altitude.  In  hi^h  arctic  latitudim 
this  period  is  very  brief,  while  in  the  humid  tropics  it  mnnns  U)  extend 
over  nearly  if  not  quite  the  whole  year.* 


*Tbls  WM  pointed  out  by  the  author  in  North  Am,  FaunUf  No.  *A,  8t*t)t«iiih«'r,  INiK), 
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Whether  the  temperature  in  question  is  the  mean  of  a  certain  period 
or  the  sum  of  the  daily  temperatures  for  that  period,  or  the  sum  in 
excess  of  a  certain  minimum,  expressed  in  degrees  of  the  thermometric 
scale  or  in  calories,  and  how  to  determine  the  precise  beginning  and 
ending  of  this  period  for  each  locality,  are  questions  respecting  which 
diflTerence  of  opinion  prevails;  and  authors  are  not  agreed  as  to  whether 
the  temperature  should  be  taken  in  the  sunshine  or  in  the  shade,  or  at  a 
certain  distance  below  the  surface  of  tbe  earth.  At  the  same  time  it  has 
been  demonstrated  by  Linsser  and  others  that  a  definite  quantity  of 
heat  is  required  to  complete  the  process  of  reproduction  in  a  number  of 
plants  experimented  upon, — and  nature's  laws  are  not  framed  for  isolated 
cases.  This  law  is  taken  advantage  of  by  expert  gardeners  and  horti- 
culturists who  are  able  to  so  regulate  the  temperature  of  their  green- 
houses that  they  can  produce  a  perfect  flower  or  a  ripe  fruit  on  a  speci- 
fied day. 

A  few  species  (particularly  among  plants)  are  so  sensitive  to  cold 
that  they  are  limited  in  northward  range  by  the  line  of  killing  frost- 
but  in  the  vast  m^ority  of  cases  the  winter  temperature  is  of  no  conse- 
quence. As  I  have  already  shown,  *'  The  season  of  reproduction  for 
the  plant,  as  for  the  animal,  is  the  warm  part  of  the  year.  After  the 
period  of  reproduction  the  plant  withers;  after  it  fiowers  and  fruits 
and  matures  its  seed,  it  dies  down  or  becomes  physiologically  inactive. 
And  what  the  plant  accomplishes  in  one  way  the  animal  accomplishes 
in  another.  To  escape  the  cold  of  winter  and  its  consequences,  the 
sensitive  mammal  hibernates;  the  bird  migrates  to  a  more  southern 
latitude;  the  reptile  and  batrachian  dig  holes  in  the  mud  or  sand  and 
remain  in  a  torpid  condition;  the  inset'.t  sleeps  in  its  cx>coon  or  buries 
itself  under  leaves  or  decomposing  vegetation;  and  none  but  the  har- 
dier forms  of  life  are  left  to  be  affected  by  winter  temperatures."  (N. 
Am.  Faunay  No.  3,  September,  1890, 26, 27.) 

After  temperature  and  humidity,  several  subordinate  though  impor- 
tant factors  remain  to  be  considered.  Among  these  may  be  mentioned 
the  duration  and  actinic  effects  of  sunlight  (governed  in  part  by  per- 
centage of  cloudiness  or  fog  and  by  the  mechanical  purity  of  the  atmos- 
phere). The  character  of  the  soil  also  determines  the  presence  or 
absence  of  many  species.* 

EFFECTS  OF  HUMIDITY  CONTRASTED    WITH    EFFECTS  OF    TEMPERA- 
TURE. 

With  a  few  exceptions  the  Boreal  zones,  owing  to  their  low  tempera- 
tures, precipitate  sufficient  moisture  to  support  arboreal  vegetation, 
and  do  not  possess  arid  areas.  The  Transition  and  Sonoran  zones,  on 
the  other  hand,  naturally  fall  into  two  important  subdivisions,  arid  and 


*  The  controlling  causes  of  distribution  wiU  not  l»o  discussed  further  here  because 
they  are  the  subject  of  another  communication  upon  which  the  writer  is  engaged. 
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humid,  as  indicated  in  defining  their  courses.  As  a  rule^  the  former 
consist  of  treeless  plains,  deserts,  and  barren  mountains,  while  the  lat- 
ter are  bountifully  clothed  with  forests.  Most  of  the  humbler  forms  of 
vegetation  are  different  in  the  two  sub-divibions,  and  dififerences  exist 
also  among  the  mammsOs,  birds,  and  reptiles,  but  the  great  minority 
of  these  dissimilarities  are  not  of  the  same  kind  as  those  that  distin- 
guish one  zone  from  another.  Most  of  them  are  specific,  not  generic, 
and  the  number  of  distinctive  groups  of  high  order  is  very  much  less. 
This  may  be  made  clear  by  selecting  the  distinctive  elements  of  the 
arid  Sonoran  (which  has  the  largest  number  of  peculiar  forms)  in  com- 
parison with  those  of  the  humid  Sonoran  (or  Austro-riparian)  and  con- 
trasting them  numerically  with  the  distinctive  elements  of  the  Sonoran 
as  a  whole  compared  with  those  of  the  Boreal  as  a  whole.*  Among 
non-pelagic  mammals  the  arid  Sonoran  has  one  family  {Antilocapridce) 
and  only  ten  general  not  known  to  inhabit  the  humid  Sonoran  or  Aus- 
tro-riparian,  and  the  latter  has  but  one  family  {Didelphidce)  and  four 
genera  Didelphiity  (hryzomya^  Scalops,  and  Nyctictjus)  not  found  in  the  arid 
Sonoran  (and  the  family  and  one  of  the  genera  are  intrusions  from  the 
Tropical  region),  while  thirteen  families  and  twenty-seven  genera  are 
common  to  both  arid  and  humid  subdivisions-t 

Among  birds  the  arid  Sonoran  has  no  family  and  only  twenty-four 
genera  not  inhabiting  the  humid  Sonoran,  and  the  latter  has  no  family 
and  but  seven  genera  not  found  in  the  arid,  while  twelve  families  and 
thirty-one  genera  are  common  to  the  two  divisions. 

Contrasting  the  Sonoran  as  a  whole  with  the  Boreal  as  a  whole,  it 
appears  that  there  are  no  less  than  eight  families  and  forty-one  genera 
of  mammals  and  ten  families  and  about  one  hundred  genera  of  birds 
distinctive  of  the  Sonoran,  and  six  families  and  thirty  genera  of  mam- 
mals and  three  families  and  about  forty  genera  of  birds  distinctive  of 
the  Boreal  zone.  In  other  words,  taking  mammals  and  birds  together, 
the  arid  Sonoran  has  one  peculiar  family  and  only  thirty-four  distinc- 
tive genera,  and  the  humid  Sonoran  one  family  and  eleven  genera  (of 
which  the  family  {I>i<ielphidce)  and  several  of  the  genera  are  clearly 
intrusions  from  the  tropical  region),  while  the  Sonoran  as  contrasted 
with  the  Boreal  has  eighteen  distinctive  families  and  one  hundred  and 
forty-one  distinctive  genera,  and  the  Boreal  has  nine  distinctive  fami- 
lies and  seventy  distinctive  genera. 

Only  eight  families  and  eight  genera  of  mammals  are  common  to  the 
Boreal  and  Sonoran  regions.  The  common  families  are:  Cervidw^ 
MuridWy  Sciuridw,  LeporidWj  Mustelidce^  CanidWj  FelidaSj  and  Soricidw. 


*The  intrusive  tropical  genera  are  here  treated  as  Sonoran. 

t  These  genera  are :  Antilocapray  Cynomya,  OnychomyHy  Thomomya,  Dipodomy8f  Pero- 
dipaSy  MicrodipodopSf  Perognathus,  BassariscuSy  and  Anirozous. 

t  The  newly  discovered  genus  of  Chiroptera^  Eudermay  is  here  omitted  because  only 
a  single  specimen  is  known,  and  it  can  not  yet  be  satisfactorily  assigned  to  its  proper 
faunal  position. 

H.  Mis.  334,  pt.  1 26 
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The  comininoQ  genera  are:  Sitomys^  SciuruH^  Sciuropterus,  Spermophi- 
liiSj  Lepusj  Lutra^  Canity  and  Lynx.  Several  others  inhabit  limits 
parts  of  both  regions,  but  are  not  common  to  these  regions  as  a  whole. 

With  the  possible  exception  of  the  gray  wolf,  not  a  single  species  of 
mammal  ranges  throughout  the  Souoran  and  Boreal  zones,  though  a 
number  are  common  to  the  Upper  Sonoran  and  Lower  Boreal  (Cana- 
dian); and  in  the  case  of  the  wolf  it  is  almost  certain  that  comparison 
of  specimens  will  show  the  animal  of  the  southern  United  States  and 
Mexico  to  be  perfectly  distinct  from  that  of  Arctic  America.  The 
ermine  is  another  species  of  exceptional  though  less  extensive  range, 
if  it  is  really  true  that  the  weasel  inhabiting  the  shores  and  islands  of 
the  Polar  Sea  is  specifically  identical  with  that  found  in  the  more  ele- 
vated parts  of  the  Southern  States, — an  assumption  I  can  not  for  a 
moment  entertain. 

In  the  case  of  land  birds,  eighteen  genera  are  common  to  the  Boreal 
and  Sonoran  regions.  The  number  of  common  families  is  relatively 
large  as  would  be  expected  from  the  wide  dispersal  of  most  families  of 
birds.  For  instance,  the  Turdidw  or  thrushes  inhabit  North  and  South 
America,  Eurasia,  Africa,  India,  and  Australia;  the  Paridw  or  titmice 
inhabit  !N^orth  and  South  America,  Eurasia,  Africa,  India,  Australia, 
and  Kew  Zealand;  the  CincUdw  or  dippers  inhabit  North  and  South 
America,  Eurasia,  India,  and  the  Austro-Malayan  region ;  the  Troglo- 
dytidw  or  wrens  inhabit  Nortli  and  South  America,  Eurasia,  India, 
Africa,  and  the  Austro-Malayan  region;  the  Corrida  or  crows,  magpies 
and  jays,  are  found  in  every  part  of  the  world,  and  so  on. 

Number  of  disHncHve  families  and  genera  of  Mammals  and  Birds  of  the  arid  Sonoran 
compared  with  the  humid  Sonoran^  and  of  the  Sonoran  as  a  whole  comjMred  tcith  the 
Boreal  as  a  whole. 


Mammals.         i  Birds.  Total. 

Genera. 


Family.     Genera. 


Family.     Genera.  |  Family. 
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Arid  Sonoran  distinguished  from  hnmid 
Sonoran  by j  t  10  0  24  M  u 

Homid  Sonoran  distingnished  from  arid 
Sonoranby '  l|  4i  0  7  1  II 

Common  to  both  arid  and  humid  sono- 
ran   

Sonoran  as  a  whole  distinguished  from  , 
Boreal  by |  s  *41  10  100  18  141 

Boreal  as  a  whole  distinguished   from 
Sononyiby ,  H  V.W  3  40  9  70 

Common  to  Boreal  and  Sonoran i  8  8      18    26 


58 


"Sitomy*  and  Lj/nz  are  omitted  beoanst;  they  range  over  most  of  the  forested  pari  of  the  Boreal 
region. 
I  Pittoriu*  is  omitted  lieran^e  it  ranges  over  niiicb  of  the  f^uoran  reeion. 

Descending  to  the  species  the  contrast  is  even  more  marked. 
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The  above  table  shows,  so  far  as  the  genera  of  mammals  and  birds 
are  concerned,  that  the  difference  between  the  humid  "Atlantic '^  or 
"Eastern  province''  on  the  one  hand,  and  the  arid  Great  Plains  and 
Great  Basin  on  the  other,  is  less  than  one-fourth  as  great  as  the  differ- 
ence between  the  Sonoran  and  Boreal  regions. 

These  facts,  it  seems  to  me,  should  suffice  to  establish  beyond  dispute 
the  subordinate  part  played  by  humidity  in  comparison  to  temperature, 
and  should  dispel  any  lingering  doubts  that  may  still  haunt  the  minds 
of  conservative  naturalists  respecting  the  necessity  of  abandoning  the 
long  accepted  division  of  the  United  States  into  Atlantic,  Central,  and 
Pacific  provinces. 

BEMABKS  OONOEBNINa  SOME  OF  WALLACE'S  STATEMENTS. 

Wallace,  in  his  great  work  on  geographic  distribution,  and  in  sub- 
sequent writings  on  the  same  subject,  greatly  underrates  the  impor- 
tance of  temperature  as  a  factor  in  determining  the  distribution  of  life. 
He  lays  great  stress  upon  the  dissimilarity  of  the  faunas  and  floras  of 
part«  of  Africa,  South  America,  and  Australia  lying  in  the  same  lati- 
tude, and  calls  particular  attention  to  the  circumstance  that  although 
the  climate  may  be  identical  over  these  widely  separated  areas,  the 
species  and  higher  groups  are  totally  distinct,  because  the  regions  have 
been  disconnected  since  early  geologic  times, — as  if  these  facts  were  not 
self-evident.  On  the  other  hand,  in  single  continental  areas  where 
there  is  no  break  or  barrier  of  any  kind  between  widely  different  faunal 
zones,  he  tries  to  invent  some  unnatural  reason  for  the  differences 
observed,  and  is  reluctant  to  admit  that  even  in  these  cases  climate  or 
climatic  conditions  can  constitute  the  barriers  to  dispersion  that 
undoubtedly  exist.  He  says  of  climate:  "  Probably  its  action  is  indi- 
rect, and  is  determined  by  its  influence  on  vegetation,  and  by  bringing 
diverse  groups  into  competition." 

In  another  place  he  states :  '^  Hot  countries  usually  differ  widely  from 
cold  ones  in  all  their  organic  forms;  but  the  difference  is  by  no  means 
constant,  nor  does  it  bear  any  proportion  to  difference  of  temperature. 
Between  frigid  Canada  and  sub-tropical  Florida  there  are  less  marked 
differences  in  the  animal  productions  than  between  Florida  and  Cuba 
or  Yucatan,  so  much  more  alike  in  climate  and  so  much  nearer  together." 
He  states  farther:  "The  eastern  United  States  possess  very  peculiar 
and  interesting  plants  and  animals,  the  vegetation  becoming  more  lux- 
uriant as  we  go  south,  but  not  altering  in  essential  character;  so  that 
when  we  reach  the  southern  extremity  of  Florida  we  still  find  ourselves 
in  the  midst  of  oaks,  sumacs,  magnolias,  vines,  and  other  charac- 
teristic forms  of  the  temperate  flora;  while  the  birds,  insects,  and  land- 
shells  are  almost  identical  with  those  found  farther  north.  But  if  we 
now  cross  over  the  narrow  strait,  about  50  miles  wide,  which  separates 
Florida  from  the  Bahama  Islands,  we  find  ourselves  in  a  totally  dif- 
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ferent  country,  surrounded  by  a  vegetation  which  is  essentially  tropical 
and  generally  identical  with  that  of  Ouba.  The  change  is  most  strik- 
ing, because  there  is  no  difference  of  climate,  of  soil,  or  apparently  of 
position,  to  account  for  it.''    {Island  lAfe^  1880,  p.  5.) 

Let  us  examine  this  statement  with  some  care  to  see  if  the  facts  war- 
rant the  assertions  and  conclusions  of  the  author.  But  first  let  me 
protest  against  Wallace's  habit  of  contrasting  insular  faunas  with  those 
of  continuous  land  area,  in  his  efforts  to  minimize  the  effects  of  climate. 
In  most  cases  the  great  majority  of  forms  peculiar  to  an  island  have  no 
means  of  reaching  the  nearest  continuous  land,  but  in  the  present 
instance,  as  will  be  shown  later,  the  proximity  of  Cuba  and  the  Bahamas 
to  Florida,  favored  by  the  direction  of  the  Gulf  Stream  and  the  preva- 
lence of  hurricanes  blowing  from  the  Antilles  to  the  peninsula,  have 
enabled  a  multitude  of  West  Indian  plants,  insects,  birds,  and  even 
land  shells  to  reach  southern  Florida,  though  the  breadth  of  the  strait 
is  an  effective  bar  to  the  passage  of  terrestrial  mammals  and  reptiles. 

Wallace  boldly  tells  us,  without  attempt  at  qualification,  that  "be- 
tween frigid  Canada  and  sub-tropical  Florida  there  are  less  marked  dif- 
ferences in  the  animal  productions  than  between  Florida  and  Cuba." 
Frigid  Canada,  in  eastern  North  America,  is  the  home  of  the  Eskimo, 
polar  bear,  musk  oxen,  reindeer,  lemmings,  marmots,  beavers,  mask-rats, 
porcupines,  wolverines,  sables,  shrews,  star-nosed  moles,  and  several 
other  mammals,  comprising  in  all  twenty  genera,  not  one  of  which 
occurs  in  southern  Florida.*  Florida,  on  the  other  hand,  is  inhabited  by 
opossums,  harvest-mice,  rice-field  mice,  cotton  rats,  wood  rats,  pocket 
gophers,  gray  foxes,  spotted  skunks,  big-eared  bats,  and  other  forms, 
representing  thirteen  genera  and  five  families  of  mammals  that  do  not 
occiu*  in  frigid  Canada.t  In  the  case  of  birds,  eastern  Canada  has 
twenty-six  genera  that  do  not  reach  Florida,  among  which  may  be  men- 
tioned ptarmigans,  grouse,  rough-legged  hawks,  golden  eagles,  great 
gray  owls,  snowy  owls,  Acadian  owls,  hawk  owls,  three-toed  woodpeck- 
ers, Canada  jays,  pine  bullfinches,  cross-bills,  linnets,  snow  buntings, 
titlarks,  winter  wrens,  kinglets,  and  stone  chats,t  while  Florida  has  at 


*  The  following  twenty  genera  of  mammals  inhabit  eastern  Canada,  bnt  none  of 
them  reach  southern  Florida:  Rangifefr,  Alce^  Ombosy  TamiaSy  Spermophiluty  Arctomy$, 
Castor^  Fiber,  Arvicolay  ErotomyB,  Phenacomysy  Myodes,  Cuniculus,  Zapu$,  Erethizon, 
ThalarcioBy  Guloy  Mustein,  Condylurtiy  ScapanuSy  Sorex, 

t  The  following  thirteen  genera  of  mammals  inhabit  Florida,  but  none  of  them 
reach  "flrigid  Canada:"  DidelphiSy  Beiihrodaniomy$,  Oryzamys,  Sigmodony  Neotoma, 
Geomy$,  UrocyaUy  Procyon,  Spilogale,  Corynorhinut,  NycticejuBy  NyctinomuSy  Oiopteru9» 
The  five  famiUes  are :  DidelphidaSy  CreontyidcB,  ProoyonidWy  EmballonuridtP,  PhylloBto- 
matidw. 

t  The  foUowuig  twenty-six  genera  of  birds  breed  in  eastern  Canada,  but  none  of 
them  in  Florida:  Dendragapus,  BonaBa,  Layopus,  ArchibuteOy  Aquilat  Sooiiaptex,  Xyc- 
taUiy  Nyctea,  Sumia,  Picoides,  SphyrapieuSy  PerisorouSy  Dolichonyx,  Pinioolay  LoxUiy 
AcanthUy  Plectrophenaxy  Caloarius,  Zanotriehia,  Junoo,  PoMerella,  Anihu$,  Anorihwra, 
CerikiOf  BeguluB,  Saxioola, 
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least  thirty- seven  genera  that  do  not  reach  Canada,  among  which  are 
quails,  turkeys,  doves  oi  several  genera,  vultures,  caracaras,  kites,  barn 
and  burrowing  owls,  parrots,  anis,  ivory-billed  woodpeckers,  chuck- 
wills- widows,  cardinals,  blue  grosbeaks,  yellow-breasted  chats,  mocking 
birds,  and  others.* 

Thirty  out  of  the  above  thirty-seven  genera  breed  also  in  the  West 
Indies. 

No  less  than  nine  tropical  American  genera  of  birds  inhabit  the  sub- 
tropical belt  of  Florida,  namely,  Zenaida,  Geotrygon^  Starncenas^  Ros- 
trhamuSjPolpbormj  Crotophagaj  Euetheiaj  Callichelidon,  andCcereba.  The 
following  Antillean  species  and  sub-species  occur  in  the  same  area  and 
are  not  known  from  any  point  farther  north:  Colinu»  virginianus 
cubanensiSj  Columha  leucocephalUj  Zenmda  zenaid^,  Geotrygon  martinicaj 
Starnasnas  cyarweephala,  Rostrhamua  aociabiliSj  Falco  dominicensis, 
Speotyto  cunicularia  floridana^  Polyhorus  cheriwayy  Crotophaga  anij 
Coccyzus  m%nor  maynardij  Agelaius  phomiceus  bryantiy  Enetheia  biwloTy 
Euetheia  canoray  Progne  cryptoleucay  Peirochelidon  flava^  Oalliclielidon 
cyanoviridiSj  Vireo  altiloqutis  barbatulnsj  Ccereba  bahamensis.  In  addi- 
tion to  these  species,  the  following  are  restricted,  so  far  as  known,  to 
southern  Florida:  Meleagris  gallopavo  osceoUiy  Chordeiles  virginianus 
chapmaniy  Cyanocitta  cristata  florincolaj  Ammodramns  nigrescenSy  Vireo 
noveboracensis  maynardiy  Geothlypis  trichas  ignotay  Thryothorns  ludovi- 
cianus  miamenmsy  Cistothorm  marianWy  Sitta  carolinensiit  atkinsi. 

That  there  are  corresponding  differences  among  insects  is  evident 
from  an  important  paper  by  Mr.  E.  A.  Schwarz  on  the  lusect  Fauna  of 
semi-tropical  Florida.  Mr.  Schwarz  states:  "I  have  come  to  the  con- 
clusion that  it  (the  semi-tropical  fauna  of  Florida)  is  entirely  of  West 
Indian  origin,  and  that  the  region  I  shall  hereafter  circumscribe  as 
semi-tropical  Florida  does  not  contain  any  endemic  forms.  In  other 
words,  the  distinctive  fauna  of  southern  Florida  is  a  permanent  colony 
of  West  Indian  forms,  much  more  numerous  in  species  than  it  has 
hitherto  been  supposed,  the  number  in  CoUoptera  alone  amounting, 
according  to  a  very  low  estimate  based  upon  my  collection,  to  at  least 
three  hundred  species  not  yet  in  our  catalogues.''  (Eniomohgica 
Ame^ricanay  iv,  No.  9,  1888.)  Since  the  above  was  published,  Mr. 
Schwarz  has  had  the  kindness  to  inform  me  that  this  semi-tropical 
insect  fauna  of  southern  Florida  comprises  in  all  not  less  than  one 
thousand  species  of  West  Indian  or  Antillean  insects  (of  which  about 


*  The  foUowing  thirty -seven  genera  of  birds  breed  in  Florida,  but  none  of  them 
range  north  to  '' frigid  Canada/'  though  thirty  out  of  the  thirty-seven  are  known  to 
breed  in  the  West  Indies :  Colinus,  Meleagris,  Columha,  Zenaidura,  Zenaida,  Columln- 
gallina,  Geotrygon,  Starnoenas,  Cathartes,  Catharista,  Elanoidee,  Elanua,  Ictinia,  Bos- 
irhamue,  Polyhorus,  Strix,  Speotyto^  Conurus,  Crotophaga,  Campephilus,  Antrostomus, 
Aphelocoma^  Icterus,  Peucwa^  Pipilo,  Cardinalis,  Gniraea,  Euethtia,  Certhiola,  Protono- 
taria,  Helinaia,  Helmitherus,  Ictei'ia,  Mimus,  Harporhynchus,  Thryothorus,  PoUoptila. 
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half  are  Coleoptera)^  and  fifty  genera  of  Coleoptera  and  Heterapiera 
alone;*  hence  the  total  number  of  genera  must  be  very  considerable. 

Among  the  Mollusca,  Dr.  William  H.  Dall  informs  me  that  twenty 
species  or  specific  types  of  Antillean  land  shells  are  known  to  inhabit 
southern  Florida,  representing  thirteen  genera  or  sub-genera  not  found 
farther  north.t 

So  far  as  vegetation  is  concerned  the  case  is  even  stronger,  there 
being  upward  of  three  hundred  and  fifty  genera  of  plants  in  Florida 
that  do  not  inhabit  Canada;  and  Prof.  Charles  S.  Sargent,  in  speakiug 
of  the  trees  of  southern  Florida,  states :  "A  group  of  arborescent 
species  of  West  Indian  origin  occupies  the  narrow  strip  of  coast  and 
islands  of  southern  Florida.  -  -  -  This  semitropical  forest  belt 
reaches  Cape  Malabar  on  the  east  coast  and  the  shores  of  Tampa  Bay 
on  the  west  coast.  -  -  -  The  species  of  which  it  is  composed  here 
reach  the  extreme  northern  limit  of  their  distribution;  they  are  gener- 
ally small,  stunted,  and  of  comparatively  little  value.  Certain  species 
however  attain  respectable  proportions:  the  mahogany,  the  mastic, 
the  royal  palm,  the  mangrove,  the  sea  grape,  the  Jamaica  dogtwood, 
the  manchineel,  and  other  species  here  become  considerable  and  impor* 
tant  trees."     (Forests  of  North  America^  Tenth  Census,  1884,  p.  6.) 

From  what  has  been  said,  it  appears  not  only  that  Wallace's  state- 
ment that  "  between  firigid  Canada  and  sub-tropical  Florida  there  are 
less  marked  diii'erences  in  the  animal  productions  than  between  Florida 
and  Cuba  ^  is  wholly  incorrect,  but  that  there  exists  in  Florida  a  well- 
marked  subtropical  fauna  and  fiora  consisting  in  the  main  (except  in 
the  case  of  terrestrial  mammals  and  reptiles  which  could  not  reach  it) 
of  genera,  and  largely  of  species,  identical  with  those  of  Cuba.  This 
being  the  case,  is  it  not  fair  to  turn  the  tables  and  ask  Wallace  what 
constitutes  the  barrier  that  so  effectually  holds  back  hundreds  of  genera 
and  a  multitude  of  species  of  Antillean  or  tropical  American  plants, 
insects,  land  mollusks,  and  birds  now  inhabiting  sub-tropical  Florida  f 

*  Mr.  Schwarz  has  kindly  given  me  the  foUowing  list  of  families  of  Central 
American  Coleoptera,  indicating  the  number  of  genera  in  each  family  known  to 
inhabit  semitropical  Florida,  bnt  not  found  elsewhere  in  North  America :  Carabida, 
2  genera;  PhalacridiB,  1;  CoccinellidWf  1;  Cucujidaj  1;  Myoeiophagidce  1;  ElaieridWf 
1;  Scarab(tid€B,  2;  Ceramhyoidce,  5;  ChryaomeliaWf  4;  Tenehrionid<ef3;  Monommidcty  1; 
OtiarhynohidWf  1;  Curottlionid(F.  6;  Brenthidce,!  [this  is  the  only  genus  which  reap- 
pears at  Cape  San  Lucas];  Calundrida,  3;  Scolytidw,  3;  Authrihida^  2.  He  informs 
me  also  that  11  genera  of  tropical  American  Hetero|>tera  have  been  found  in  the 
same  belt. 

t  The  forms  here  referred  to  are :  Sirobila  huhhardii  Brown ;  Helix  caca  Helix 
varians  Mke. ;  Bulimulus  multilineaius  Say ;  Bulimulus  dormant  W.  G.  B. ;  OrthalicM 
undaiuB  Brug;  Liguus  fasciaiui  Miiller;  Liguus  fasciatm  var.  Stenogyra  gracillima 
Pfr. ;  Stenogyra  mbula  Pfir. ;  Macroceramne  goesei  Pfr. ;  Macro§eramm  pontijicus  Gld. 
(also  occurs  in  Texas);  Strophia  inoana  Binn. ;  Auricula pellucensWie. ;  Tralia  mtniM- 
cula  Dall;  Melampus  {Deiracia)  buUoidee  Mont.;  Pedipen  mirahiliB  Muhlf.;  Pedipu 
elongatwt  Dall ;  Planorbis  tumidus  Pfr. ;  Sphcerium  cubenee  Morelet. 
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The  deep  arm  of  ocean  between  Florida  and  Ouba  or  the  Bahamas  has 
proved  inefTectual  in  checking  their  dispersions.  What  is  the  more 
potent  barrier  that  prevents  their  northward  spread  along  the  coutinu- 
ous  land  of  the  peninsula?  The  answer  is  summed  up  in  the  single 
word  climate.  The  temperature  of  the  period  of  growth  and  reproduc- 
tion in  the  northern  parts  of  Cuba  and  the  Bahamas  is  the  same  as  in 
sub-tropical  Florida,  but  to  the  northward  it  falls  off  rapidly. 

iiespecting  Wallace's  statement  that  tlie  difference  between  the 
faunas  and  floras  of  hot  and  cold  countries  ^4s  by  no  means  constant/' 
and  does  not  bear  ^< any  proportion  to  difference  of  temperature,"  it 
need  only  be  said  that  no  phenomenon  of  nature  is  more  constant;  and 
that  the  differences  observed  depend  directly  upon  temperature.  Presi- 
dent D.  8.  Jordan  has  said:  ''In  many  groups,  anatomical  characters 
are  not  more  profound  or  of  longer  standing  than  are  the  adaptations 
to  heat  and  cold. "    (Populur  Science  Monthly  ^  Aug.,  1890,  xxxvii,  p.  506.) 

That  "  life  is  distributed  in  circum-polar  zones,  which  conform  with 
the  climatic  zones,  though  not  always  with  the  parallels  of  the  geog- 
rapher'Ms  a  law  recognized  by  Humboldt,  Wagner,  Agassiz,  Dana, 
Be  GandoUe,  Allen,  and  nearly  all  writers  on  distribution  except 
Wallace.  This  law  does  not  imply  that  the  same  species,  genera,  or 
higher  groups  recur  under  the  same  degree  of  heat  in  disconnected 
land  areas — a  manifest  impossibility, — ^but  that  well-marked  zones  of 
animal  and  plant  life  are  encountered  in  all  parts  of  the  earth  in  pass- 
ing from  the  poles  to  the  tropics;  that  they  owe  their  existence  to  con- 
stant differences  of  temperature,  and  that  in  continuous  land  areas 
each  zone  may  be  traced  completely  across  such  areas  (from  ocean  to 
ocean  in  those  of  continental  magnitude),  following  the  windings  of  the 
belts  of  equal  temperature  during  the  period  of  reproductive  activity. 

Wallace  speaks  thus  of  this  law  as  formulated  by  Allen:  ^*Tbe 
author  (J.  A.  Allen)  continually  refers  to  the  *  law  of  the  distribution 
of  life  in  circum-polar  zones,'  as  if  it  were  one  generally  accepted  and 
that  admits  of  no  dispute.  But  this  supposed  ^  law '  only  applies  to  the 
smallest  detail  of  distribution — to  the  range  and  increasing  or  decreas- 
ing numbers  of  species  as  we  pass  from  north  to  south,  or  the  reverse; 
while  it  has  little  bearing  on  the  great  features  of  zoological  geogra- 
phy— the  limitations  of  groups  of  genera  and  families  to  certain  areas.'' 
{Qeog.  IHst  of  AnimalSy  1876,  vol.  i,  p.  67.)  Mr.  Allen  has  already 
pointed  out  the  weakness  of  this  criticism  {Bull.  U,  S,  Geoh  and  Oeog. 
Survey  Terr.j  May,  1878,  vol.  iv.  No.  2,  326),  and  I  would  like  to  add  a 
word  respecting  the  extraordinary  statement  that  circum-polar  distri- 
bution affects  species  only,  having  "  little  bearing"  on  the  "  limitations 
of  groups  of  genera  and  families."  In  refutation  of  this  fallacy  it  is 
hardly  necessary  to  do  more  than  call  attention  to  the  circumstance 
that  the  trans-continental  Sonoran  region  of  North  America  is  distin- 
guished from  the  Boreal  by  the  possession  of  seven  families  and  thirty- 
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four  genera  of  mammals  aloue,*  and  the  North  American  Tropical  from 
the  Sonoran  by  ten  families  and  upwards  of  fifty  genera ;  while  the 
American  Boreal  differs  from  the  Eurasian  Boreal  by  the  possession  of 
but  a  single  family  and  only  eight  genera. 

MOUNTAINS  AS  BARRIERS  TO  DISPERSION. 

Wallace  makes  the  surprising  statement  that  on  the  two  sides  of  the 
Bocky  mountains  in  America  ^^  almost  all  the  mammalia,  birds,  and 
insects  are  of  distinct  species,"t — a  statement  that  is  wholly  untrue,  as 
has  been  long  known  to  American  naturalists.  In  another  place  he 
makes  the  general  statement  that  mountains,  ^^  when  rising  to  a  great 
height  in  unbroken  ranges,  form  an  impassable  barrier  to  many  groups.'' 
No  instance  of  this  kind  is  known  in  North  America.  Even  in  the  high 
Sierra  in  California  nearly  all  of  the  families,  genera,  and  species  occur 
on  the  east  slope  as  well  as  on  the  west,  notwithstanding  the  great  alti- 
tude this  lofty  range  maintains  for  a  considerable  distancct  The  expla- 
nation of  the  similarity  or  identity  of  the  species  on  the  two  sides  of  all 
our  mountain  systems  is  that  similar  or  identical  climatic  zones  occur 
on  both  sides,  between  which  avenues  of  conmiunication  exist  or  have 
existed  by  means  of  passes,  either  through  the  ranges  themselves  or  at 
one  end  or  the  other.  In  their  continuity,  however,  lofty  mountain 
ranges  do  act  as  barriers  to  the  spread  of  species  from  lower  levels,  but 
they  do  so  indirectly  by  their  effects  upon  climate— by  interposing  an 
arctic  zone  in  which  the  species  of  lower  latitudes  can  not  live.  On  the 
other  hand,  this  same  arctic-alpine  climate  enables  many  polar  species 
to  thrive  in  regions  two  or  three  thousand  miles  south  of  their  normal 
continental  homes. 

The  great  Himalaya  has  little  or  no  influence  in  bringing  about  the 
really  enormous  differences  that  exist  between  the  faunas  and  floras  of 
the  plains  on  its  two  sides,  for  these  dissimilarities  are  due  primarily  to 
the  great  difference  of  temperature  resulting  from  unequal  base  level, 
the  Thibetan  plateau  on  the  north  being  several  thousand  feet  higher 
than  the  plain  on  the  south. 

THE  SO-CALLED  EASTERN,  CENTRAL,  AND  WESTERN  PROVINCES  AND 
THE  EVIDENCE  ON   WHICH  THEY  ARE  BASED, 

Wallace,  in  common  with  most  recent  writers,  divides  the  United 
States  into  eastern,  central,  or  Eocky  mountain,  and  Pacific  or  Cali- 


*  These  genera'are :  Didelphis,  Dicotyles,  Cariacua,  Aniilocapra,  Cynomya,  Reitkrodon' 
tomys,  Onychomya,  OryzomySf  Sigmodon^  Neotoma,  GeomySj  Thomomys,  Dipodomytj 
Perodipus,  Microdipodopa,  Perognathus,  HeteromySf  Felis,  Urocyon,  Procyon,  BattsariscuSf 
Taxidea,  ConepatuSf  ifepAi<t>,  Spilogale,  Noiiosorex,  ScalopSy  Corynorhinuay  Endemia, 
AnfrozoHBf  NycHcejua,  Moloaauay  Nyotinomoua,  and  (Hopterua,  Five  of  these  genera 
have  each  a  species  reaching  a  short  distance  into  the  southern  edge  of  the  Boreal 
region,  namely,  Cariaotiaj  Neotomay  Felia,  Procyon,  and  Mephitia. 

tGeog.Dist.  of  Animals,  1876,  i,  p.  6. 

^kilometers  (200  miles)  the  Sierra  Nevada  uioiiutains  maintain  an  eleva- 
.00  to  4,600  meters  (12,000  to  15,000  feet). 
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forniau  '^sub-regioiis.''  He  adinitB  that  the  eastern  division  is  character- 
ized by  but  a  single  mammalian  genus,  namely,  the  star-nosed  mole 
(Condylura). 

In  characterizing  the  so-called  central  or  Rocky  mountain  sub-re- 
gion, he  states  that  the  proug-homed  antelope,  the  mountain  goat,  the 
the  mountain  sheep,  and  the  prairie  dog  are  p<*culJar  to  it,  forgetting 
that  the  antelope  ranges  from  the  Mexican  plateau  northward  over  the 
Great  plains  and  Great  basin,  and  westwanl  over  nmch  of  California; 
that  the  mountain  goat  inh*-bits  British  Columbia  and  the  Cascade 
range,  as  well  as  the  Rocky  .mountains;  that  the  mountain  sheep  is 
common  in  the  High  Sierra  in  California  and  ranges  northward  to  the 
Arctic  Circle  in  Alaska;  leaving  the  prairie  dog  as  the  only  one  con- 
fined to  the  region. 

The  Pacific  or  "  Californian  sub-region  "  he  defines  as  "  the  compar- 
atively narrow  strip  of  country  between  the  Sierra  Nevada  and  the 
Pacific.  To  the  north  it  may  include  Vancouver's  Island  and  the 
southern  part  of  British  Columbia."  Under  the  head  of  the  mammalia 
of  this  area,  he  enumerates  eight  genera  as  "not  found  in  any  other 
part  of  the  Nean^tic  region,"  namely,  MacrotuSj  Antrozous,  UrotrichuSj 
XeosoreXj  BassariHy  Enhydra^  Morunga^  and  Haploodon.  A  more  erro- 
neous statement  could  hardly  be  made.  Of  the  two  pelagic  genera, 
Mornnga  and  Enhydra  [=  Latax  ],  the  former  does  not  enter  the  region 
at  all  and  the  latter  barely  reaches  it;  while  of  the  non-pelagic  genera 
three,  Macrotus  [=  Otopterus\j  Antrozous^  and  Basnaris  [=  Bassa- 
rutcii8]y  range  over  the  Sonoran  region  from  Texas  and  the  Mexican 
plateau  across  New  Mexico,  Arizona,  and  parts  of  southern  Nevada 
and  California,  and  the  sub-genus  Neosorex  occurs  over  pretty  much 
the  whole  of  Boreal  America  from  the  Atlantic  to  the  Pacific.  The 
two  remaining  genera  only  are  confined  to  the  Californian  division, 
namely,  Urotrichm  [=  Neurotrichus]  and  Haploodon  ['^Aplodontia], 
Both  are  isolated  types,  inhabiting  the  Pacific  coast  country  from 
northern  California  to  British  Columbia  (the  latter  having  no  near  rela- 
tive in  any  part  oi  the  world,  the  former  closely  relate  to  genera  now 
living  in  eastern  Asia). 

Hence  it  appears,  so  far  as  the  mammalia  are  concerned,  that  these 
three  supposed  primary  subdivisions  of  North  America  rest  upon  a 
misconception  of  fact,  the  Californian  division  possessing  two  peculiar 
genera,  and  the  eastern  and  central  divisions  but  a  single  peculiar 
genus  each, — a  quantity  of  diflference  it  would  be  absurd  to  recognize 
as  of  sufficient  weight  to  warrant  the  erection  of  zoo-geographical 
divisions. 

In  a  communication  already  referred  to  {North  American  Fauna^  No. 
3,  September,  1890)  I  stated  the  conclusion  that  the  commonly  accepted 
division  of  the  United  States  into  eastern,  middle,  and  western  prov- 
inces had  no  existence  in  nature,  and  that  "the  whole  of  extra- tropical 
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North  America  (the  Nearctic  region  of  Selater  and  Wallace)  consists  of 
but  two  primary  life  regions;  a  boreal  region,  which  is  circumpolar, 
and  a  Sonoran  or  Mexican  table-land  region,  which  is  unique.''  The 
so-caUed  eastern  province  is  mainly  of  Sonoran  derivation,  comprising 
the  humid  divisions  of  the  Lower  Sonoran  and  Upper  Sonoran  zones 
( Austro-riparian  and  Carolinian  founas),  and  of  the  transition  or  neutral 
belt,  commonly  known  among  ornithologists  as  the  Alleghanian  fauna. 
It  contains  also  a  southward  extension  of  the  boreal  region  along  the 
Appalachian  mountain  system,  mainly  in  the  form  of  isolated  islands. 

The  so-called  central  region  in  like  manner  is  made  up  of  a  southward 
extension  of  the  boreal  region  along  the  Bocky  mountain  plateau,  inclosed 
between  two  northward  prolongations  of  the  arid  Sonoran,  the  one 
occupying  the  Great  plains,  the  other  the  Great  basin. 

The  so-called  Pacific  or  western  province  consists  of  a  southward 
extension  of  the  boreal  region,  which  finally  bifurcates,  sending  a  long 
arm  south  over  the  Cascade  range  and  the  Sierra  Nevada,  and  a  sec- 
ondary and  shorter  arm  along  the  Pacific  coast,  north  of  San  Francisco, 
together  with  a  Sonoran  element,  which  covers  nearly  the  whole  south- 
em  part  of  the  state,  and  reaches  north  in  the  San  Joaquin  and  Sacra- 
mento valleys. 

PAL^ARCTIC  AND  NEARCTIC   REGIONS. 

It  is  no  part  of  the  purpose  of  the  present  address  to  discuss  the 
distribution  of  life  outside  of  our  own  continent,  but  it  so  happens 
that  the  Boreal  element  in  America  resembles  that  of  Eurasia  so  closely 
that  in  the  judgment  of  many  eminent  authorities  the  two  constitute 
but  a  single  primary  region,  a  view  in  which  I  heartily  concur.  This 
arrangement  is  antagonistic  to  that  proposed  by  Selater  *  in  1857,  and 
adopted  with  slight  modification  by  Wallace.  Selater  considers  the 
whole  of  extra-tropical  North  America  as  constituting  a  single  region, 
upon  which  he  bestowed  the  name  NearctiCj  in  contra-distinction  to  the 
corresponding  part  of  Eurasia,  which  he  named  PaUearctiCy  believing 
the  two  to  be  distinct  primary  regions. 

Wallace,  the  great  champion  of  Sclater's  Palaearctic  and  Nearctic 
regions,  says  of  the  former  in  his  most  recent  work  on  geographic  dis- 
tribution: "Taking  first  the  mammalia,  we  find  this  region  is  distin- 
guished by  its  i)os8ession  of  the  entire  family  of  TaJpidce  or  Moles,  con- 
sisting of  8  genera  and  16  species,  all  of  which  are  confined  to  it,  except 
one,  which  is  found  in  northwest  America,  and  two  which  extend  to 
Assam  and  Formosa.''  {Island  Life^  1880,  41.)  How  he  could  have 
made  such  an  erroneous  statement  is  hard  to  understand,  in  view  of 
the  well  known  fact  that  3  genera  of  moles  inhabit  eastern  North 
America  and  2  the  Pacific  coast  region;  and  it  is  the  more  strange 


*  Jourtt.  Linn,  Soc.  (Zool.)  (for  1857),  1858,  ii,  130-145;  and  again,  with  some  altera- 
tions, in  IbUf  1891,  sixth  series,  in,  514-557. 
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since  on  another  page  of  the  same  work  he  states  that  there  are  three 
peculiar  genera  of  moles  in  North  America.* 

He  states  further:  ''Among  carnivorous  animals  the  lynxes  (nine 
species)  and  the  badgers  (two  si)ecies)  are  peculiar  to  it  [the  Palaearctic 
region]  in  the  old  world,  while  in  the  new  the  lynxes  are  found  only  in 
the  colder  regions  of  North  America'^  (Island  Li/cy  1880,41),  thus 
implying  that  there  are  no  badgers  in  North  America,  and  ignoring  the 
presence  of  lynxes  all  along  the  southern  border  of  the  United  States 
firom  Florida  and  Texas  to  southern  California,  Continuing,  he  men- 
tion^ a  number  of  groups  which,  he  says,  ''have  only  a  few  species  else- 
where.'' Among  these  are  the  "  voles,  dormice,  and  pikas."  Pikas 
inhabit  the  mountains  of  western  Canada  and  range  south  in  the  Cas- 
cades and  High  Sierra  to  southern  California,  and  in  the  Kocky  Moun- 
tains to  Colorado.  They  have  been  reported  also  from  the  high  moun- 
tains of  Lower  California  in  Mexico.  The  group  of  voles  or  ArvicoUnWy 
exclusive  of  the  lemmings,  is  represented  in  Boreal  North  America  by 
not  less  than  four  genera,  five  sub-genera,  and  nearly  fifty  species.  It 
is  only  fair  to  add,  however,  that  some  of  these  have  been  described 
since  Wallace's  book  was  written, 

'*  The  Nearctic  region  is  so  similar  to  the  Palaearctic  in  position  and 
climate,"  he  admits,  '^  and  the  two  so  closely  approach  each  other  at 
Bering  Strait  that  we  can  not  wonder  at  their  being  a  certain  amount 
of  similarity  between  them, — a  similarity  which  some  naturalists  have 
so  far  over-estimated  as  to  think  that  the  two  regions  ought  to  be  united." 
After  enumerating  a  number  of  mammals  common  to  the  two  he  goes 
on  to  say :  "  We  undoubtedly  find  a  very  close  resemblance  between 
the  two  regions,  and  if  this  were  all,  we  should  have  great  difficulty  in 
separating  them.  But  along  with  these  we  find  another  set  of  mam- 
mals, not  quite  so  conspicuous  but  nevertheless  very  important.  We 
have  first,  three  peculiar  genera  of  moles,  one  of  which,  the  star-nosed 
mole,  is  a  most  extraordinary  creature,  quite  unlike  anything  else. 
Then  there  are  three  genera  of  the  weasel  family,  including  the  well- 
known  skunk  (Mephitis),  all  quite  diflferent  from  eastern  forms.  Then 
we  come  to  a  peculiar  family  of  carnivora,  the  raccoons,  very  distinct 
from  anything  in  Europe  or  Asia;  and  in  the  Kocky  Mountains  we  find 
the  prong-horned  antelope  (AntUocapra)  and  the  mountain  goat  of  the 
trappers  (Aplocerus  [=Mazama])j  both  peculiar  genera.  Coming  to 
the  rodents,  we  find  that  the  mice  of  America  difler  in  some  dental 
peculiarities  from  those  of  the  rest  of  the  world,  and  thus  form  several 


*  In  his  earlier  work  he  says:  *'  Condylura  (one  species),  the  star-nosed  mole,  in- 
habits eastern  North  America  from  Nova  Scotia  to  Pennsylvania;  ficapanns  (two 
species)  ranges  across  from  New  York  to  San  Francisco ;  Scalops  (three  species),  the 
shrew  moles,  range  from  Mexico  to  the  Great  Lakes.  -  -  -  rro/rteAM«  is  a  shrew- 
like  mole  which  inhabits  Japan,  and  a  second  species  has  been  discovered  in  the 
mountains  of  British  Columbia."    {Geog,  Dist.  of  JnimalSf  1876,  ii,  190.) 
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distinct  genera;  the  jumping  mouse  {Xapus  [=:Zapm])  is  a  peculiar 
form  of  the  jerboa  family;  and  then  we  come  to  the  pouched  rats  {Geo- 
myidce\  a  very  curious  family  consisting  of  four  genera  and  nineteen 
species,  peculiar  to  North  America,  though  not  confined  to  the  Nearc- 
tic  region.  The  prairie  dogs  (Cynomys)^  the  tree  porcupine  (Erethizon)^ 
the  curious  sewellel  (Haplood<yn  [^Aphdontia]),  and  the  opossum 
(IHdelphis)  complete  the  list  of  peculiar  mammalia  which  distinguish 
the  northern  region  of  the  New  World  from  that  of  the  Old."  {Island 
Life,  p.  48.) 

As  already  shown  in  an  earlier  part  of  the  present  essay,  most  of 
these  genera  and  several  of  the  families  belong  to  the  austral  or 
Sonoran  region  and  have  no  place  in  the  Boreal  fauna — the  only  one 
that  can  be  compared  with  the  fauna  of  northern  Eurasia.  As  a  mat- 
ter of  fact,  eighty-one  genera  of  non-pelagic  mammals  are  now  recog- 
nized in  "  extra-tropical  "Xorth  America — the  so-called  Nearctic  region. 
Of  this  number  forty -one  are  found  in  no  other  part  of  the  world.* 
These  genera  are  enumerated  iu  the  following  table,  which  brings  out 
the  important  fact  that  no  less  than  thirty-two,  or  78  per  cent,  are  of 
Sonoran  or  austral  origin,  while  only  nine,  or  22  per  cent,  are  of  Boreal 
origin.  Of  these  nine  genera  now  confined  to  North  America,  Ovihos 
inhabited  polar  Eurasia  in  Pleistocene  times ;  NeurotHchm  is  not  recog- 
nized by  Flower  and  Lydekker  as  more  than  sub-genericaJly  separable 
from  Urotrichns  of  Japan,  and  Synaptomys  is  not  known  except  from 
the  Transition  zone  of  the  United  States  and  is  here  classed  as  Boreal 
because  of  its  close  relationship  to  the  trans-continental  Boreal  genus 
My  odes.  Omitting  these  three.  Boreal  North  America  has  but  six 
genera  of  mammals  not  known  from  Boreal  Eurasia. 

Peculiar  genera  of  mammah  inhabiting  Xorih  Anwrica  north  of  Mexico, 


t)F 

BOREAL  ORIGIN. 

Mazama. 

Fiber. 

Zapus. 

Xeiirotriclius. 

Ovibos. 

Synaptomys. 

Erethizon. 

Condylnra. 

Aplodoutia. 

OF   SONORAN   ORKUX. 

Cariacus. 

Neotoma. 

Urocyon. 

Scapauus. 

Antilocapra. 

Thomomys. 

Bassarifioas. 

Blariua. 

Cyuomys. 

Geomys. 

Tax  idea. 

Autrozous. 

Reithrodontomys. 

Dij)odomy8. 

Conepatus. 

Nycticejus. 

Sitomys. 

Perodipus. 

Mephitis. 

Otopterus. 

Oryzomys. 

Microdipodops 

Spiloj^ale. 

Corynorhiuus. 

Ouychomys. 

PerognathiiM. 

Notiosorex. 

Euderma. 

Sigmodon. 

Heteromys. 

8ealop8. 

Atalapha. 

*The  intrusive  genera  Didelphin,  Tatwiia,  Dicotyhs,  Procgon,  Xasua,  and  Moloseus, 
which  are  clearly  of  South  American  origin,  are  n<»t  here  included. 
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On  the  other  hand,  out  of  the  thirty-one  Boreal  genera  of  North  Ameri- 
can mammals  the  following,  twenty-four  genera  or  77  per  cent,  are  com- 
mon to  Boreal  America  and  Boreal  Eurasia: 


CervuB. 

Aretomys. 

Cnnicnlus. 

Lutreola. 

Rangfer. 

Castor. 

Lagomys. 

Putorius. 

Alee. 

Plienacomys. 

Vulpes. 

Mustela. 

Ovis. 

Evotoraya. 

Ursus. 

Gulo. 

Bison, 

Arvicola. 

Thalarctos. 

Sorex. 

Tamias. 

Myodes. 

Latax. 

Urotrichus. 

In  addition  to  the  foregoing  genera,  which  are  clearly  of  Boreal  ori- 
gin, the  following  twelve  genera  of  more  extended  range  are  also  com- 
mon to  the  two  continents : 


Sciuropterus. 

Lepns. 

Felis. 

Vespertilio. 

Sciums. 

Canis. 

Lynx. 

Plecotus.t 

Spermophilns. 

Lutra. 

Ve8i)erugo. 

Nyctinonms. 

Most  of  these  genera  are  known  to  be  of  great  antiquity,  their  remains 
having  been  found  in  Miocene  strata,  and  it  is  probable  that  the  others 
belong  to  the  same  category,  but  have  thus  far  escaped  detection,  owing 
to  their  very  small  size.  All  of  them  attain  their  maximum  development 
and  numbers  in  the  Sonoran  region  in  America  and  the  analogue  of  the 
Sonoran  in  Eurasia;  but  by  reason  of  the  great  length  of  time  that  has 
elapsed  since  they  came  into  existence  some  of  their  representatives 
have  become  acclimated  to  a  wide  range  of  climatic  conditions. 

Dr.  John  L.  Le  Oonte,  in  his  report  on  the  Coleoptera  of  Lake  Supe- 
rior, said:  "The  entomologist  can  not  fail  to  be  struck  with  two  very 
remarkable  characters  displayed  by  the  insect  fauna  of  these  northern 
regions.  First,  the  entire  absence  of  all  those  groups  which  are  peculiar 
to  the  American  continent  [».  e.y  Sonoran  and  Tropical  groups].  -  -  - 
The  few  new  genera  which  I  have  ventured  to  establish  are  not  to  be 
regarded  as  exceptions.  They  are  all  closely  allied  to  European  forms, 
and  by  no  means  members  of  groups  exclusively  American. 

'^Secondly,  the  deficiency  caused  by  the  disappearance  of  character- 
istic forms  is  obviated  by  a  large  increase  of  the  members  of  genera 
feebly  represented  in  the  more  temperate  regions,  and  also  by  the  intro- 
duction of  many  genera  heretofore  regarded  as  confined  to  the  northern 
part  of  Europe  and  Asia.  Among  these  latter  are  many  species  which 
can  be  distinguished  from  their  foreign  analogues  only  by  the  most 
careful  examination.    This  parallelism  is  sometimes  most  exact,  run- 


"  As  stated  above,  Flower  and  Lydekker  do  not  recognize  the  American  animal  as 
genericaUy  distinct  from  Urotrichw.  While  I  agree  with  Dobson  in  according  it 
generic  rank,  it  is  convenient,  in  studying  the  origin  of  groups,  to  bring  together 
such  closely  related  types. 

t  The  American  species  of  Plecotus  are  separated  generally  by  Dr.  Harrison  Allen 
under  the  name  Corynorhinu9j  which  is  adopted  by  the  writer.  The  more  compre- 
hensive name  Plecotus  is  here  used  for  the  reason  just  stated  under  Urotrichus. 
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ning  not  merely  through  the  genera,  but  even  through  the  respective 
species  of  which  they  are  composed.''    {Lake  Superior^  1850,  239,  240.) 

W.  F.  Kirby,  in  a  paper  "On  the  Geographical  Distribution  of  the 
Diurnal  Lopidoptera  as  compared  with  that  of  Birds,''  states:  " Had  I 
been  dealing  with  Lepidoptera  only,  I  would  certainly  have  united  Dr. 
Sclater's  ^Palaearctic  region '  and  ^Nearctic  region;'  for  although  the 
species  of  North  American  Bhopalocera  are  seldom  identical  with  those 
of  northern  Asia  and  Europe,  still  the  genera  are  the  same  with  scarcely 
an  exception,  except  a  few  representatives  of  South  American  genera, 
which  have  no  more  right  to  be  considered  Nearctic  species  than  the 
similar  chance  representatives  of  African  forms  in  north  Africa  or 
southwest  Europe,  or  of  Indian  forms  in  southeast  Europe  have  to  be 
considered  Palaearctic  species."  (Journ.  Linnean  8oc.j  London^  Zoohy 
1873,  432.) 

It  now  becomes  evident  that  the  so-called  Palsearctic  and  Nearctic 
regions  are  the  result,  in  each  case,  of  confounding  and  combining  two 
wholly  distinct  regions — the  Boreal  with  the  Sonoran  in  America  and  the 
Boreal  with  the  analogue  of  the  Sonoran  in  Eurasia.  Eliminating  these 
austral  elements  as  wholly  foreign  to  the  region  to  which  they  have  been 
so  persistently  attached,  there  remains  a  single  great  circum-polar 
Boreal  region  characterized  by  a  remarkably  homogeneous  fauna,  cover- 
ing the  northern  parts  of  America  and  Eurasia. 

Cope  has  shown  that  the  chief  differences  between  Boreal  America 
and  Boreal  Eurasia  are  found  among  the  fishes  and  batrachians, — ani- 
mals living  wholly  or  in  part  in  water.  Now,  it  can  not  be  insisted  too 
strongly  that  while  the  chief  factor  in  the  distribution  of  acjuatic  animals 
and  plants  is  temperature,  as  has  been  long  acknowledged,  yet  from 
the  very  nature  of  the  case  the  resulting  life  regions  must  be  different, 
the  one  supplementing  or  being  the  complement  of  the  other ;  for,  water 
being  the  medium  in  which  the  species  live,  the  bodies  of  watei;  with 
their  prolongations  and  extensions,  as  bays,  rivers,  and  lakes,  must  be 
studied  as  entities,  just  as  we  study  a  continent  with  its  x>euinsulas  and 
outlying  islands,  the  means  of  access  to  a  given  body  of  water  being 
the  principal  factor  in  determining  the  water  area  to  which  its  aquatic 
life  belongs.  And  it  should  be  remarked  that  aquatic  mammals  (as 
seals  and  cetaceans),  and  aquatic  birds  (as  ducks  and  gulls),  conform 
in  the  main  to  the  laws  and  areas  of  aquatic  distiibution,  and  should 
not  be  taken  into  account  in  studying  the  distribution  of  terrestrial 
forms  of  life. 

Gill  has  said  with  much  truth :  "  There  appears  to  be  a  total  want  of 
correlation  between  the  inland  and  marine  faunas,  and  a  iK)8itive  in- 
congruity, and  even  contrast,  between  the  two."  {Proc.  Biol.  Soc.  Wash., 
1884,  n,  32.) 
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PRINCIPLES  ON    WHICH    BIO-OEOGRAPHIC    REGIONS  SHOULD  BE  ES- 
TABLISHED. 

Wallace,  in  writing  of  the  principles  on  which  zoological  regions 
should  be  formed,  expresses  the  opinion  that  "convenience,  intelligi- 
bility, and  custom  should  largely  guide  us."  But  I  quite  agree  with 
America's  most  distinguished  and  philosophic  writer  on  distribution, 
Dr.  J.  A.  AUen,  that  in  marking  off  the  life  regions  and  sub-regions  of 
the  earth,  truth  should  not  be  sacrificed  to  convenience;  and  I  see  no 
reason  why  a  homogeneous  circura-polar  fauna  of  great  geographic 
extent  should  be  split  up  into  primary  regions  possessing  comparatively 
few  peculiar  types  simply  because  a  water  separation  happens  to  exist 
in  the  present  geologic  period;  nor  is  it  evident  why  one  of  the  re- 
sulting feeble  divisions  should  be  granted  higher  rank  than  a  region  of 
much  less  geographic  extent  comprising  several  times  as  many  peculiar 
types.  Hence  the  divisions  here  recognized,  and  the  rank  assigned 
them,  are  based  as  far  as  possible  upon  the  relative  numbers  of  distinc- 
tive types  of  mammals,  birds,  reptiles,  and  plants  they  contain,  with 
due  reference  to  the  steady  multiplication  of  species,  genera,  and  higher 
groups  from  the  poles  toward  the  tropics.  Mammals  have  been  chiefly 
used  as  illustrations  because  they  answer  the  purpose  better  than  any 
other  single  group,  and  because  it  is  clearly  impossible  in  a  brief  essay 
of  this  character  to  enumerate  such  a  multitude  of  forms  as  would  be 
necessary  were  equal  consideration  accorded  to  each  class. 
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THE  CORBDT  GAME  PARK.* 


By  John  R.  Speabs. 


Here  is  an  'uteresting  study  in  human  nature;  a  picture  of  the  incep- 
tion and  growth  of  an  enterprise  of  great  moment  to  the  naturalist  and 
the  sportsman,  and  of  interest  to  everyone.  Six  years  ago  a  friend 
presented  to  Austin  Corbin,  the  well-known  railroad  man,  a  few  young 
deer.  Mr  Corbin  accepted  them,  and  having  a  great  country  seat  that 
included  many  acres  of  woods  as  well  as  cleared  fields  out  on  Long 
Island,  he  caused  a  part  of  the  woods  to  be  suitably  fenced,  and  turned 
the  deer  into  the  inclosure.  Mr.  Corbin,  at  that  time,  was  neither  a 
sportsman  nor  a  naturalist,  in  the  sense  in  which  these  terms  are  gen- 
erally understood.  He  had  no  especial  interest  in  Avild  animals  of  any 
kind.  Nevertheless,  as  a  lad  he  had  lived  on  a  farm  in  New  Hampshire, 
among  the  foothills  of  the  Whit«  Mountains,  and  had  trapped  wood- 
chucks,  and  shot  partridges  and  chased  foxes,  and  the  good  healthy 
delights  of  those  days  lingered  in  his  memory.  Small  wonder  then  that 
the  gentle  pets  his  friend  had  given  to  him  won  their  way  into  his  affec- 
tions from  the  moment  they  became  his.  It  was  a  new  pleasure— some- 
thing he  had  never  known  before, — to  go  and  watch  their  graceful 
motions  and  gaze  upon  the  beauty  of  their  forms.  Moreover,  Mr.  Corbin 
had  a  son,  and  Austin  junior  was  as  much  delighted  with  the  pets  as 
his  father. 

There  was  ample  room  on  the  Long  Island  farm  for  more  than  the 
few  deer,  and  the  Corbins  decided  that  more  should  be  had.  This  led 
to  the  examination  of  sundry  books  on  the  subject  of  deer  culture,  if  one 
may  use  the  term,  books  like  Judge  Caton's,  for  instance,  while  the 
Forest  and  Stream^  and  other  periodicals  weie  necessarily  read  regu- 
larly. Certainly  the  love  of  nature  grows  with  what  it  feeds  upon,  if 
any  emotion  of  the  heart  does.  If  deer  could  be  kept,  why  not  doer's 
cousins,  the  elk,  the  moose,  the  antelope,  and  the  buftalo, — especially 
the  buffalo! 


*  From  Fore8t  and  Stream,  for  March  12,  1891,  and  May  26,  1892. 

417 
H.  Mis.  334,  pt.  1 27 
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Mr.  Corbin  had  lived  in  Iowa  when  a  young  man,  and  in  the  days 
when  the  herds  of  buffalo  on  the  plains  of  Nebraska,  Kansas,  and  Texas 
numbered  untold  thousands.  It  was  a  great  pity  that  such  noble  ani- 
mals were  likely  to  become  extinct,  and  the  Corbins  determined  to  join 
in  the  eflfort  to  perpetuate  the  species.  They  had  begun  with  a  few- 
deer,  and  they  added  the  elk,  the  antelope,  and  the  buffalo,  and  then 
it  became  apparent  that  the  Long  Island  estate  was  too  small  for  the 
proper  care  of  these  animals,  or  at  least  for  the  care  which  the  owners 
desired  to  give  them. 

It  is  to  be  particularly  noticed  that  the  Long  Island  estate  was  not 
suited  to  the  sort  of  care  that  the  Corbins  wished  the  animals  to  have. 
From  caring  for  the  few  pets  had  grown  the  desire  to  rear  herds  of 
these  animals  under  such  conditions  of  freedom  as  would  leave  them 
with  all  their  natural  charticteristics.  A  pet  deer  was  beautiful,  but 
it  was  not  the  deer  of  the  wild  woods  after  all.  A  pure  bred  buffalo 
in  a  barn-yard  was  in  fact  a  buffalo,  but  he  was  too  much  like  a  Dur- 
ham bull  to  be  perfectly  satisfactory.  On  the  Long  Island  farm  the 
animals  could  scarcely  become  anything  more  than  pets. 

So  the  thoughts  of  the  elder  Corbin  went  back  to  the  days  of  his 
youth  and  the  foothills  of  the  White  Mountains.  As  most  of  our  read- 
ers know,  there  is  plenty  of  laud  in  New  Hampshire  that  is  just  as 
wild  now  as  it  was  when  Hudson  first  looked  on  the  ground  where  the 
statue  of  liberty  now  stands.  There  was  a  deal  of  it  in  Sullivan  County, 
perhaps  not  the  wildest  in  the  State,  but  certainly  a  plenty  of  unbroken 
forest  that  covered  hills  and  valleys  and  surrounded  little  lakes,  for- 
ests of  birch  and  beech,  and  maple  and  pine,  and  spruce  and  hemlock, 
and  balsam, — forests  beautiful  and  fragrant  enough  to  give  a  city  man 
the  heartache  when  he  thinks  of  them. 

Mr.  Corbin  determined  to  buy  from  20,000  to  30,000  acres  of  these 
hills  and  valleys  and  there  establish  a  park  for  his  new-found  four- 
footed  friends  in  which  they  would  find  the  conditions  as  near  those  as 
possible  to  which  they  were  best  suited.  Mr.  Corbin  eventually  got 
22,000  acres  in  one  tract. 

The  next  thing  was  to  fence  it,  and  only  those  who  have  tried  build- 
ing elk-tight  fences  can  appreciate  the  job.  Here  was  a  tract  of  over 
35  square  miles  of  land  to  inclose.  They  started  out  with  a  wire  net  6 
feet  high,  secured  to  stout  posts  10  feet  apart.  Above  the  net  they 
strung  ten  lines  of  barbed  wire,  and  that  made  a  right  good  fence. 
But  when  18  miles  had  been  erected  they  abandoned  the  wire  net  and 
used  barbed  wire  only  for  the  rest  of  the  way.  That  was  cheaper  and 
just  as  good.  It  is  not  uninteresting  to  note  that  the  fencing  cost 
$74,000. 

In  all,  nine  gates  are  to  be  placed  in  this  fence,  with  a  keeper's  lodge 
at  each  gate,  something  made  necessary  by  the  presence  in  every  com- 
munity of  the  skulking  lout  who  will  steal  or  destroy  the  proj^erty  of 
the  well-to-do,  and  esi>ecially  such  property  as  this  fence  will  inclose. 
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Mr.  Corbin  is  sure  his  park  will  not  iu  any  way  interfere  with  the 
rights  of  legitimate  sportsineu. 

Here  is  this  tract  of  woodland  with  only  enough  cleared  land  on  it 
to  aftbrd  meadows  over  which  the  animals  would  like  to  wander  at 
times,  are  gathered  25  buflfalo,  60  elk,  over  70  deer,  half  a  dozen  each 
of  caribou  and  antelope,  18  wild  boars  imported  from  Germany,  and  an 
unknown  number  of  moose, — ^perhaps  a  aozen.  He  had  4  reindeer 
brought  from  Labrador,  but  all  died.  He  expects  t<i  have  a  coinmunity 
of  beavers,  for  the  lakes  and  streams  «f  the  park  are  admirably  adapted 
for  these  beautiful  animals. 

Quite  as  interesting  as  any  description  of  the  park  and  its  inhabit- 
ants is  the  story  of  the  gathering  of  the  specimens.  It  is  too  long  to 
tell  in  full,  but  room  remains  for  enough.  The  agent  employed  to 
gather  a  large  part  of  the  animals  from  Canada  was  Thomas  H.  liyan, 
who  has  served  Mr.  Corbin  in  a  number  of  capacities  for  the  past  twelve 
years.  Along  in  October  last  Mr.  Ryan  was  commissioned  to  go  to 
Canada  to  see  what  could  be  done  about  getting  "any  wild  animals 
there  except  bears,  panthers,  wolves,  and  foxes." 

At  Sherbrooke  he  met  a  friendly  newspaper  man  who  said  one  Dan. 
Ball,  of  Megantic,  knew  all  about  the  deer  of  that  country,  and  so  to 
Megantic  posted  Mr.  Byan.  He  met  Ball  and  found  him  able  and 
willing  to  get  the  deer. 

Mr.  Byan  went  50  miles  to  North  Bay,  200  miles  west,  and  from  there 
to  Mattawa,  on  the  verge  of  a  region  where  moose  abound,  deer  are 
plentiful,  and  beaver  possible  to  obtain  alive.  A  contract  was  made 
with  a  trapper,  whose  name  Mr.  Ryan  does  not  wish  to  mention,  for  a 
supply  of  all  these  animals — at  least  twenty  of  each  if  that  number  be 
possible. 

Meantime  Dan  Ball  had  gone  to  work  at  Megantic  by  selecting  a  few 
friends  and  looking  over  the  woods  to  see  where  the  deer  were  yard- 
ing. Along  in  December  the  snow  became  5  feet  deep  in  the  woods, 
and  Dan  knew  of  one  yard  where  at  least  300  deer  were  gathered 
together. 

Then  he  and  six  others  went  on  snowshoes,  with  buckskin  thongs, 
and  one  gun  loaded  with  powder  only.  Locating  a  bunch  of  deer  in  a 
thicket,  six  of  the  men  crept  up  as  near  as  possible  to  the  leeward  with- 
out alarming  them.  Then  the  seventh  came  tearing  down  with  the 
wind  and  with  a  wild  yell  and  the  discharge  of  the  gun  scattered  the 
bunch  like  a  flock  quails  before  a  cur  pup.  Some  of  the  fleeing  beauties 
plumped  into  the  snow,  that  was  so  deep  and  so  fluify  that  they  sank 
out  of  sight  at  the  first  struggle,  nor  could  they  escape  till  Dan  and 
his  friends  kindly  lent  a  hand.  In  all  a  dozen  were  captured  thus,  and 
with  legs  bound  with  soft  leather  thongs  were  carried  to  an  old  shanty 
in  the  woods  some  distance  from  Megantic. 

In  January  Mr.  Ryan  went  away  to  bring  the  deer  to  the  park  in 
New  Hampshire.    Megantic  is  on  the  Canadian  Pacific  road.    A  box 
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car  was  seut  to  a  siding  formerly  used  by  a  lamber  miJl,  and  there  car- 
peted with  hay,  straw,  and  a  good  supply  of  browse.  The  ends  were 
then  partitioned  off  from  the  space  between  the  doors  by  means  of 
poles,  and  within  the  spaces  thus  formed  the  deer  were  placed,  being 
simply  lifted  in.  They  had  been  kept  in  the  meantime  in  the  old  mill 
unbound. 

With  Dan  Ball  to  look  after  and  especially  to  water  the  deer  the  car 
was  hauled  to  Newport,  Vt.,  the  location  of  the  United  States  customs 
oflSce. 

The  deer  were  passed  duty  free,  and  were  sent  on  to  Newport,  N.  H., 
by  the  way  of  Concord,  nearly  100  miles  farther  than  necessary.  The 
extra  ride  proved  disastrous,  for  one  deer  died  en  route^  and  two  after 
arrival.  The  nine  are  now  as  well  and  frisky  as  when  in  their  native 
forests. 

The  buffalo  in  the  park  came  originally  from  Montana,  but  were 
purchased  of  a  Minnesota  man.  The  moose,  elk,  and  caribou  came 
from  Minnesota  also,  and  were  captured  along  the  Canadian  border. 

Among  the  interesting  experiences  in  the  transportation  of  the 
animals  for  this  park  may  be  mentioned  these:  Moose  have  been  car- 
ried 2,000  miles  in  four  days  without  apparent  injury.  The  last  con- 
signment included  sixteen  moose,  three  deer,  and  one  caribou.  All 
arrived  in  good  condition,  but  eight  moose  died  afterwards,  because,  it 
is  thought,  of  the  change  in  their  diet  or  water,  or  both.  On  one 
occasion  when  thirty  deer  were  en  route,  a  collision  with  another  train 
killed  twenty-two  of  them  outright,  and  four  more  died  afterwards. 

It  is  noticed  that  the  largest  deer  most  easily  succumb  to  railroad 
travel.  None  of  the  animals  ever  eat  or  sleep  while  the  car  is  in 
motion.  On  a  side  track  they  will  eat  a  little.  There  seems  to  be 
more  danger  of  their  suffering  from  heat  in  a  box  car  than  from  cold, 
but  the  worst  trouble  is  in  the  jerking  to  and  fro  of  the  car  when  the 
train  is  stopping  or  starting.  They  are  fed  barley,  com,  bran,  and 
hay.  In  the  woods  they  are  expected  to  live  as  they  would  naturally, 
but  places  will  be  established  where  feed  will  be  left  for  them,  so  that 
none  shall  lack. 

Beginning  with  a  few  pet  deer  in  a  paddock,  the  Corbins  now  have 
a  private  zoological  garden  where,  if  at  any  such  place  in  the  world, 
the  animals  on  hand  can  be  seen  and  studied  under  natural  conditions. 
What  it  will  be  in  the  ftiture  Mr.  Corbin  can  not  say,  but  that  he  will, 
as  fast  as  convenient  to  do  so,  add  all  the  animals  of  the  world  that 
can  live  there  harmoniously  need  not  be  doubted.  His  outlay  up  to 
the  completing  of  the  park  is  not  far  from  $400,000.  Some  of  his 
friends  say  he  is  likely  to  spend  half  as  much  more  on  it  and  make  of 
it  a  place  to  fairly  delight  the  naturalist.  They  say  that  the  work  of 
Judge  Caton  will  be  supplemented  and  added  to,  by  that  to  be  done  at 
the  Corbin  park,  to  the  great  benefit  of  all  investigators  into  the  habita 
of  wild  animals. 
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II. 

In  the  issue  of  March  12, 1891,  we  published  a  very  interesting  ac- 
count of  Mr.  Austin  Corbin's  game  park  in  New  Hampshire,  telling 
how  Mr.  Corbin  was  led  into  the  enterprise,  and  also  giving  an  account 
of  how  the  first  animals  used  in  stocking  the  park  were  secured.  Since 
then  we  have  obtained  the  following  information  of  the  present  state 
of  affairs  in  the  park,  chiefly  In  relation  to  the  breeding  of  the  animals 
in  their  new  environment — it  can  hardly  be  called  captivity,  when 
the  animals  are  at  liberty  to  wander  at  their  own  sweet  will  over  28,000 
acres  of  woodland,  hill,  and  valley. 

In  this  respect  of  breeding  the  park  has  proved  a  great  success.  All 
the  animals  seem  to  take  kindly  to  their  new  surroundings,  and 
already  their  numbers  are  being  materially  increased  by  births.  Of 
the  twenty-two  buffalo  which  wore  put  in  about  a  year  ago,  eight  of 
the  cows  are  now  in  calf,  and  two  young  have  been  added  to  the  herd. 
The  elk,  which  bred  to  a  limited  extent  on  Mr.  Corbin's  Long  Island 
estate,  have  found  their  mountainous  New  Hampshire  home  more  to 
their  liking,  and  have  already  increased  50  per  cent.  Next  to  the  elk 
the  most  accurate  count  has  been  kept  of  the  moose,  who,  unlike  their 
gregarious  brethren,  go  in  pairs  during  the  rutting  season.  It  was  at 
first  feared  th^t  these  unusually  retiring  animals  would  not  breed  in 
the  park,  but  it  has  been  ascertained  that  six  of  the  cows  are  now  with 
calf.  There  are  upward  of  sixty  moose  in  the  park  and  they  make  a 
much  wider  range  in  travelling  than  the  elk,  which  keep  pretty  well  to 
one  locality  where  there  is  considerable  brush  and  small  growth,  and 
no  doubt  abundant  feed. 

The  agent  who  was  instrumental  in  securing  for  Mr.  Corbin  the  first 
denizens  of  the  park  has  the  head  of  a  particularly  fine  moose  in  his 
possession.  The  unmounted  head  weighed  300  pounds,  and  the  horns, 
which  show  eleven  points,  have  a  span  of  about  5  feet.  This  head  was 
bought  of  an  Indian  in  Mattawa,  and  is  said  to  be  the  last  green  head 
taken  out  of  Ontario  previous  to  the  passing  of  the  law  forbidding  the 
killing  of  moose. 

To  come  back  to  figures,  the  wild  boars,  imported  from  Germany 
September  a  year  ago,  have  been  seen  a  number  of  times  lately.  They 
have  evidently  gained  by  natural  increase,  and  must  be  quick  trav- 
ellers, as  three  or  four  herds  have  been  reported  in  different  localities 
at  nearly  the  same  time  by  the  game-keepers.  The  old  animals  have 
grown  considerably,  and  are  wonderfully  fleet  of  foot,  for  unlike  their 
cousin,  the  domestic  hog,  they  do  not  fatten.  As  far  as  can  be  ascer- 
tained, all  the  other  animals,  including  the  several  varieties  of  deer, 
have  multiplied  considerably,  and  their  change  of  habitat  and  the  fact 
that  the  big  fence  occasionally  checks  their  extended  wanderings,  does 
not  se^m  to  cast  any  blight  on  the  even  tenor  of  their  lives. 

Included  in  the  park  are  two  ponds  of  20  and  30  acres,  respectively, 
and  probably  100  miles  of  streams.    The  ponds  were  cleaned  out  last 
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year  and  many  eels  and  other  varietiev«i  of  cannibalistic  fish  destroyed, 
and  now  the  ponds  and  streams  are  all  stocked  with  trout. 

While  in  London,  two  years  since,  Mr.  Corbin  purchased  20,000  haw- 
thorn trees.    Four  thousand  of  these  have  been  planted  this  spring. 

They  are  for  the  pur- 
pose of  forming  a  hedge 
strong  enough  to  pre- 
vent the  bufiaJo  and 
other  large  animals  from 
getting  out.  This  tree, 
of  which  there  are  two 
varieties,  the  white  and 
black,  is  used  very  ex- 
tensively for  inclosing 
^  the  game  parks  of  Eng- 
(2   land   and   France.      It 

1  grows  from  8  to  10  feet 
^5   in   height,  and  is   the 

2  toughest  and  strongest 
«  tree  that  can  be  found, 
^  making,  with  its  inter- 
S  locking  and  elastic 
•S^  branches,  a  hedge  that 
^  would  resist  a  battering 
s  ram.  The  trees  are 
%.  being  plant/cd  inside  the 
^  big  fence  of  barbed  and 
j^   woven    wire,   and    will 

I.   eventually  take  its  place 
^   when  the  latter  becomes 
£    weakened  through  rust 
and  exposure. 

There  will  be  no  hunt- 
ing in  the  park  at  pres- 
ent, though  in    future 
years,  when  the  animals 
have  multiplied  beyond 
the  resources  of  their  dd- 
main,  it  is  possible  that 
Mr.  Corbin  may  adopt 
this  means  of  thinning 
them  out.    It  is  sufficient  to  say  that  the  park  is  not  designed  for  hunt- 
ing.   Similarly,  it  is  not  primarily  intended  for  scientific  research  into 
the  habits,  breeding,  etc.,  of  the  various  animals,  though  it  is  safe  to 
say  that  it  would  yield  rich  returns  in  this  direction. 
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The  development  of  Mr.  Corbiu'8  game  park  enterprise  is  being 
watched  with  decided  interest  by  sportsmen  and  naturalists.  It  hap- 
pens that  the  present  article  has  been  prepared  just  in  time  to  supply 
additional  information  on  the  subject  sought  by  the  directors  of  the 
new  National  Zo()logical  Garden  in  Washington.  Success  in  New 
Hampshire,  when  it  shall  have  been  demonstrated  beyond  the  perad- 
venture  of  a  doubt,  will  prompt  similar  enterprises  in  other  parts  of 
the  country.  While  much  interest  is  felt  in  the  introduction  of  foreign 
species,  Americans  are  naturally  most  concerned  with  the  successful 
conservation  of  bands  of  American  big  game,  the  elk  and  the  antelope 
and  the  buffalo.  Of  the  unfamiliar  picture  these  great  animals  present, 
grouped  on  a  New  Hampshire  hilltop,  our  cut,  from  a  photograph, 
gives  excellent  illustration.  May  these  wild  creatures  yet  feed  on  a 
thousand  hills  of  the  New  England  and  other  Eastern  States,  and  on 
the  game  preserves  of  the  west ! 

Besides  the  great  New  Hampshire  park,  Mr.  Corbin  has  two  other 
game  preserves.  On  his  Long  Island  estate  he  now  has  21  elk  and 
about  18  deer,  and  at  Manhattan  Beach  he  has  25  elk.  At  the  latter 
place  he  has  10  acres  inclosed  with  an  open  wire  fence.  There  will 
soon  be  dug  here  a  large  pond,  which  will  be  filled  with  salt  water  from 
the  tides  of  Sheepshead  Bay.  In  this  pond  are  to  be  a  dozen  seals  and 
10  sea  lions.  The  former  are  now  on  their  way  from  St.  Johns,  New- 
foundland, and  the  latter  are  making  their  long  journey  from  the  Pa- 
cific coast.  Later  in  the  summer  a  number  of  other  animals  will  be 
added  to  the  inclosure. 
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By  E.  T.  IlAMY. 


The  ancients  had  a  vague  knowledge  of  a  people  inhabiting  certain 
districts  of  northern  Africa,  who  were  remarkable  for  the  custom, 
which  they  had  in  common,  of  making  their  habitations  in  the  depths 
of  the  earth.    These  were  tlie  Troglodytes. 

A  portion  of  the  sea-coast  of  Erythra?uni  Mare  (Red  Sea)  owed  the 
nameofTroglody tic  Ethiopia  to  certain  of  these  barbarians;  others 
occupied  a  territory  adjacent  to  the  mountains  which  rise  in  the  south- 
ern part  of  Fezzan,  while  others,  much  farther  to  the  west,  inhabited 
an  undulating  region  in  which  there  is  recognized  the  chain  which  sur- 
rounds the  lower  extremity  of  Little  Syria. 

The  accounts  of  these  curious  people,  as  given  by  ancient  writers, 
always  represent  them  as  constructing  their  dwellings  under  ground; 
as  being  hunters  of  such  activity  and  skill  that  they  take  their  game 
while  in  pursuit,  living  for  the  most  part  however  on  the  flesh  of 
serpents  and  lizards.  They  are  described  as  being  poor  and  indiflferent 
to  their  own  interests,  having  no  trade  except  in  carbuncles,  for  which 
however  they  were  merely  agents.  Their  language  differed  entirely 
from  that  of  any  other  people,  it  being  compared  by  Herodotus  to  the 
strident  cry  of  the  bat. 

These  summary  accounts,  incoherent  and  sometimes  fantastic,  have 
had  the  effect  of  rendering  most  modern  historians  of  African  geog- 
raphy incredulous  as  to  their  truth.  Tliese  extraordinary  beings  have 
been  ordinarily  banished  to  a  world  of  the  imagination,  the  species  of 
whom  antiquity  has  so  largely  multiplied  even  to  the  confines  of  known 
countries.  Reliable  travellers  came  however  in  their  turn  to  discover 
in  the  very  same  regions  where  the  ancients  had  located  their  Troglo- 
dytes, important  tribes,  living  like  them  in  subterranean  abodes,  natural 
or  artificial. 

Tlie  English  Captain  Lyons  described  in  1821,  during  a  four  days' 
march  to  the  southwest  of  Tripoli,  through  a  district  mentioned  by 


*Read  at  the  annual  public  meeting  of  the  five  Academies  of  the  Institute  of 
France,  October  24,  1891.  (From  VAnihropologie,  Sept.-Oct.,  1891;  vol.  ii,  pp. 
529-d36.) 
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Pompooias  Mela  and  by  Pliny,  a  certain  village  of  Beni- Abbas,  deeply 
hollowed  out  of  the  sandy  clay  or  calcareous  rock.  The  French  Consul 
Delaporte,  the  Egyi^tian  Sheik,  Mohammed-Ibn-Oinar-el-Tounsy,  and 
others,  Id  confirming  this  discovery  have  generalized  it  to  the  entire 
region  of  Gharian. 

In  1869,  Nachtigal  found  hidden  in  the  valley  of  Tao,  in  the  heart  of 
Thibet,  the  caves  of  the  Toubous,  direct  descendants  of  the  Ethiopian 
Troglodytes,  whom  Herodotus  represented  as  the  victims  of  the  Gara- 
mantes,  the  ancient  inhabitants  of  Fezzan.  Thirty  years  later  our 
soldiers,  penetrating  into  the  massive  mountains  which  rise  to  the 
southwest  of  Gabes,  and  at  Douirat  and  Nefouya  are  connected  with 
Gh^an,  came  upon  a  dozen  villages  excavated  from  the  ancient  allu- 
vium of  the  plateaus  of  Matmata  and  Toujane,  containing  as  many  as 
4,000  inhabitants.  Distinguished  officers,  such  as  the  commander, 
RebiUet;  learned  naturalists,  like  Letourneux,  have  since  that  time 
visited  this  country,  and  I,  in  my  turn,  have  traversed  it  in  the  course 
of  a  voyage  of  inquiry.*  If  I  saw  few  serpents  and  lizards,  and  still 
fewer  carbuncles  in  the  dark  dwellings  of  Matmata,  of  Hadeje,  or  of 
Beni-Zelten;  if  I  did  not  hear  proceed  from  the  mouth  of  the  Caliphs, 
who  received  me  so  cordially,  the  strident  tones  which  the  historians 
and  classical  geographers  have  ascribed  to  their  ancestors,  I  have  at 
least  been  able  to  make  some  observations  which  are  of  a  nature  to 
throw  light  upon  the  interpretations  of  certain  passages  in  the  writers 
of  antiquity.  I  gathered  at  the  same  time  new  data  for  the  study  of 
those  ethical  survivals,  which  day  by  day  are  playing  a  more  important 
part  in  history  and  anthropology. 

I. 

The  journey  from  the  coast  of  Syria  to  the  interior  valleys  i>eopled 
by  the  Troglodytes  is  a  short  but  rough  one.  It  is  necessary  to  cross 
the  arid  and  stony  desert  of  Araad,  then  to  make  the  painful  ascent 
of  the  bed  of  one  of  the  dried-up  torrents,  which  has  worn  its  way 
through  the  steep  cliflf  of  Mount  Demer. 

The  approach  to  these  subterranean  villages  is  most  accessible  from 
the  west.  In  ascending  the  acropolises  of  Zenatia,  the  contrast  between 
the  characteristics  of  these  two  neighboring  tribes  is  strikingly  evident. 
They  belong  to  the  same  ethnic  group,  but  each  is  faithftilly  devoted  to 
its  own  traditional  customs.  The  Zenati  construct  their  villages  accord- 
ing to  the  architectural  rules  which  governed  the  builders  of  the  ancient 
Berber  cities,  ruins  of  which  I  have  found  in  central  Tunis,  between 
Dar-el-Bey  and  Kairouan.  They  are  in  reality  intrenched  camps, 
formed  by  walls  of  bare  stones,  with  occasional  openings,  surmounted 
in  the  rear  by  other  walls,  parallel  and  strengthened  by  semi-circular 
C5t  the  entrance  to  the  lanes.    The  Matmati,  on  the 

companion  the  engineer,  Monsienr  J.  £.  de  la  Croix,  who 
the  region. 
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coutrary,  like  the  ancient  Troglodytes,  excavate  their  dwellings,  scat- 
tered here  and  there  without  order,  from  the  compact  allivium  which 
the  rains  have  long  since  formed  in  the  depressions  of  the  valley. 

To  the  rear  are  the  rocky  summits  where  rise  the  somber  Zenatian 
redoubts,  Tamezret,  Zeraoua,  etc.,  while  in  front  is  the  open,  undulating 
valley  where  there  is  nothing,  at  first  sight,  to  reveal  the  presence  of 
man.  A  narrow  neck,  guarded  by  a  small  fort  of  rough  stones,  marks 
the  limit  of  the  two  territories.  The  descent  is  made  slowly  by  a  steep 
inclination  following  a  ravine  which  has  long  since  been  worn  by  the 
floods.  The  hardness  and  dei)th  ot  the  slimy  bank  suggest  to  the  un- 
prejudiced mind  the  possibility  of  here  digging  out  one's  habitation. 
It  is  a  continuous  descent;  the  valley  broadens,  the  horizon  becomes 
visible,  a  vast  extent  of  land  is  gradually  perceived,  and  not  a  sound, 
not  a  movement  to  suggest  the  approach  to  a  populous  village.  Below 
there  however  to  the  right  is  the  Gelaa  Matmata,  which  appears  to 
the  eye  with  its  abrupt  descent  and  its  extensive  terrace  like  a  natural 
fortress,  where,  many  a  time  during  the  course  of  a  turbulent  history, 
the  natives  have  found  a  refuge.  To  the  left  is  the  west  Matmata,  out- 
lining the  yellowish  course  of  its  dried  bed,  dotted  here  and  there  with 
stattered  olive  trees.  Matmata  Bled  Kebira,  the  large  town  of  Mat- 
matia,  is  in  truth  at  our  feet  without  our  having  perceived  it.  Let  us 
approach.  Traces  of  its  presence  became  gradually  apparent.  Eleva- 
tions and  corresponding  depressions  in  the  land  become  clearly  defined, 
and  the  white  Koubba  of  the  Mohammedan  priest,  Sida-Mouja  appears 
at  the  turning  of  the  footpath  informing  us  that  these  ancient  people, 
with  their  strange  manners,  whom  we  wish  to  approach,  have  submitted 
to  the  destructive  influence  of  Islam,  and  have  in  consequence  pre- 
served only  a  few  of  those  valuable  survivals  which  we  are  so  desirous 
of  studying. 

In  Egypt,  among  the  wretched  dwellings  in  mutilated  pyramids,  and 
in  the  double  dovecots  which  remind  one  of  the  old  Pylons;  in  the 
a<}ropolises  of  Zenatia  at  Gharian  and  Kabylie,  in  a  word,  over  the 
whole  of  northern  Africa,  the  Koubba  of  the  priest,  the  minaret  of  the 
mosque,  symbols  of  triumphant  Mohammedauism,  strike  the  archaeologist 
and  ethnologist  avS  something  abnormal,  and  I  may  say  entirely  out 
of  place.  These  niral  constructions,  unsightly  in  themselves,  and  in- 
congruous when  placed  side  by  side  with  those  of  the  natives,  in  the 
midst  of  which  they  are  conspicuous  on  account  of  their  form  and  color, 
disturb  the  harmony  of  the  landscape,  recalling  at  the  same  time  the 
cruel  struggles,  by  fire  and  arms,  for  conquest  and  conversion  to  the 
religion  of  the  conquerers.  The  abrupt  cliffs  of  Mount  Demer  were  not 
able  to  arrest  the  Hillalien  (!)  invasion,  and  Matmati,  the  Troglodyte, 
has  been  since  then  a  good  Mussulman. 

Two  other  Koubbas  appear,  then  a  square  white  house,  the  abode  of 
the  religious  chief,  then  the  dar  of  the  civil  and  military  chief,  the 
Caliph  Ali-Ould-Kaid- Ahmed. 
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This  dar  is  composed  of  five  parallel  chambers  in  masonry,  which, 
beyond  the  first  glance,  are  not  Troglodytic  in  character.  A  small 
quantity  of  loose  earth  has  been  carried  for  appearance  sake  onto  the 
terrace  which  surmounts  the  structure.  In  this  detail  the  residence  of 
Ali — Berber  in  style  although  strongly  Arabized — is  that  of  the  great 
semi-sedentary  chiefs,  which  one  meets  with  more  especially  in  the 
interior  of  Tunis. 

One  of  the  last  surface  structures  is  an  old  cistern,  of  which  the 
partially  demolished  arches  bring  to  mind,  by  their  form  and  construc- 
tion, those  of  Malga,  at  Carthage. 

Tlie  remainder  of  the  village,  which  extends  over  4  kilometers  and 
contains  more  than  2,()00  inhabitants,  is  entirely  under-ground.  The 
dar  even,  which  shelters  us,  covers  a  vast  cave,  descent  into  which  is 
made  by  a  semi-circular  declivity.  It  is  a  part  of  the  dwelling  of  the 
ancient  chiefs,  constructed,  Ali  informs  us,  in  the  time  of  the  Romans, 
which,  to  the  good  Caliph,  seemed  to  stand  for  the  most  remote  period. 
The  excavators  who  executed  this  ancient  work  had  to  penetrate  first 
through  the  calcareous  clay,  which  forms  the  soil  of  the  whole  valley; 
then  through  a  pebbly  conglomerate,  and  finally  through  a  quarry  of 
hard  millstone,  which  forms  the  floor  of  the  grotto.  A  second  excava- 
tion, of  more  recent  origin,  is  dug  out  of  the  clay  a  little  higher  and  to 
the  right  of  the  first.    This  serves  as  a  stable  for  the  horses  of  Ali. 

Dwellings,  stables,  cattle  sheds,  workshops,  and  factories,  everything 
in  the  village  of  Matmatia,  are  likewise  excavated  from  the  clay.  In 
one  instance  the  descent  is  made,  as  in  the  caves  of  the  abode  of  the 
Caliphs,  by  means  of  an  incline  more  or  less  perpendicular,  and  lighted 
from  without;  in  another  it  is  necessary  to  seek  an  entrance  through  a 
tunnel,  which  terminates,  after  several  windings,  in  an  interior  court, 
more  or  less  regular  and  lighted  from  above  at  the  summit  of  the  allu- 
vial peak  of  the  elevation  from  which  the  dwelling  has  been  dug. 

A  little  factory,  which  we  can  enter,  gives  a  good  idea  of  the  manner 
in  which  work  is  carried  on  by  tradition  among  the  excavators  of  Mat- 
matia. It  is  an  oil  factory,  composed  of  three  compartments,  the  first 
of  which  commands  the  other  two  and  is  lighted  by  an  arched  door,  to 
which  a  straight  flight  of  steps  gives  access.  The  two  deep  chambers 
remain  unfinished,  a  wall,  consisting  of  a  mass  of  earth,  dividing  one 
from  the  other.  The  interior  was  dug  out  with  a  pick-axe,  forming 
arches,  and  there  remain  cubes  sufficiently  large  to  support  the  center. 
The  largest  room  contained  the  mill  and  its  accessories,  resembling 
closely  the  apparatus  used  all  over  the  Berber  states. 

The  entrance  to  this  primitive  factory  is  ornamented  with  a  row  of 
uncemented  stones  around  the  aperture  forming  the  entrance.  The  de- 
tail of  this  ornamentation  recalls  the  custom  among  ancient  builders  of 
covering  the  frontof  their  subterranean  dwellings  with  a  fa<;ingof  stones, 
in  more  or  less  regular  lines.  Not  far  from  the  dar^  a  sort  of  palace  (be- 
longing to  a  very  remote  perio<l  and  for  the  most  part  in  ruins,  where  I 
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have  been  able  to  make  some  researches,)  contains  in  its  interior  court 
fa$adeSy  completely  provided  with  walls  where  deep  vaulted  chambers 
open  on  two  elevations.  The  dwelling  of  the  chief,  the  stables,  and  the 
cattle-sheds  formerly  occupied  the  ground  floor.  The  souks  or  store- 
rooms were  constructed  in  stories,  to  climb  to  which  one  clings  to  large 
stones  jutting  out  from  the  wall. 

If  the  fa9ade  presents  an  ornamentation  of  stones,  nothing  is  seen  in 
the  interior  but  calcareous  rock  and  a  sort  of  loam,  still  showing  the 
ridges  made  by  the  irregular  strokes  of  the  pick-axe  of  the  ancient 
builder.  Neither  stone,  wood,  nor  iron  appears,  only  the  soil  of  a  red- 
dish or  yellowish  gray,  dry  and  hard,  in  which  rare  snail  shells  are  found 
here  and  there.  If  a  ring,  upon  which  to  hang  a  lamp  or  to  which  to 
fasten  a  horse's  halter  is  required,  these  shells  are  utilized,  being  placed 
in  the  most  convenient  and  conspicuous  point  in  the  room  or  stable. 
Niches  take  the  place  of  cupboards,  and  benches  along  the  side  wall 
serve  as  beds  and  chairs. 

These  apartments,  like  all  the  others  which  we  saw  among  the  Troglo- 
dytes, are  quite  regularly  vaulted,  although  the  arches  are  keel-shaped, 
the  sides  being  slightly  curved  and  the  extremities  perceptibly  drawn 
together.  We  ax-e  reminded  of  an  old  boat,  turned  upside  down,  keel 
in  air,  lying  upon  the  sea-shore,  under  which  the  poor  gatherer  or  waif 
may  find  a  shelter. 

In  thus  recognizing  nautical  forms  in  the  most  essential  lines  of  the 
architecture  of  the  Troglodji;es,  I  suddenly  recollect  the  rustic  habi- 
tations (mapalia)  of  which  Sallust  speaks  in  the  eighteenth  chapter 
of  his  classical  work  on  the  Jugurthan  war.  In  summing  up  the  tra- 
ditions of  the  Province,  which  he  governed,  and  which  he  must  have 
thoroughly  known,  he  mentions  the  death  of  Hercules,  and  the  disper- 
sion of  his  army  composed  of  various  nations.  Medes,  Persians,  Arme- 
nians crossed  over  to  Africa  in  their  ships  and  occupied  the  seacoast. 
The  Persians  are  the  most  remote  from  the  ocean,  the  most  eastern, 
and  ox>nsequently  occupy  that  region  adjoining  Syria;  and  since  they 
do  not  find  building  material  upon  this  inhospitable  shore,  and  the 
vastness  of  the  sea  and  ignorance  of  the  language  of  their  neighbors 
deprive  them  of  the  means  of  procuring  such  material  by  purchase  or 
exchange,  they  have  built  for  themselves  shelters  out  of  the  hulls  of 
their  ships;  and  Sallust  adds  that  the  buildings  of  their  descendants, 
called  mapaliaj  oblong  constructions  with  curved  sides,  resemble  the 
keels  of  ships,  the  abodes  of  their  ancestors. 

Not  so  very  long  ago,  when  the  ethnography  of  Africa  was  practi- 
cally unknown,  an  attempt  was  made  to  explain  the  survivals  indicated 
by  the  Eoman  historian  by  likening  the  mapalia  which  he  describes  to 
the  tents  of  the  wandering  tribes  of  the  lofty  table-lands  of  the  Atlas. 
In  history,  as  in  government,  the  Berber  and  the  Arab  are  confounded, 
to  the  great  prejudice  of  our  African  policy,  and  in  the  same  manner 
the  commentators  of  Sallust  ignored  the  essential  differences  which 
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exist  between  the  solid  buildings  of  the  ancient  inhabitants  of  the  soil 
and  the  temporary  movable  abodes  of  the  shepherds,  whose  migration 
to  Magreb  is  comparatively  recent.  The  true  mapalia  are  keel-shaped 
constructions,  long,  narrow,  and  low,  of  which  the  k^oura  of  Mettamer 
and  of  Medennie  in  Araad  represent  the  most  perfect  tyi)e,  and  which 
our  Troglodytes  of  Matmata,  d'Hadeje,  etc.,  have  ad^'Pted  to  their  spe- 
cial needs. 

II. 

Sallust,  in  ending  his  cliaper  on  ethnology,  describes  the  strangers 
whom  legend  brings  to  the  shores  of  Africa  as  mingling  with  the  native 
Getules,  and  increasing  rapidly,  from  which  alliances  have  sprung  the 
great  nation  of  the  Numidians,  soon  spreading  over  all  the  territory 
about  Carthage. 

The  uncertainty  as  to  origin,  thus  attributed  by  tradition  to  the 
Numidians,  manifests  itself  even  in  our  day  in  regard  to  the  Berbers 
of  Tunis  in  general,  and  particularly  among  those  of  the  mountains  of 
the  south.  A  special  ethnical  type,  of  which  the  large  island  of  Djerba 
is  the  principal  center  of  habitation,  here  comes  in  contact  with  another 
type,  no  less  characteristic,  which  predominates  in  the  Djerid.  The 
type  of  the  Djerabi,  which  corresponds  to  the  foreign  population  which 
Sallust  represented  as  landing  on  the  shore  in  the  vicinity  of  Syria,  is 
distinguished,  at  the  first  glance,  by  a  very  clear  complexion  of  a  dead 
white,  or  else  slightly  bronzed,  relative  shortness  of  the  head,  and 
roundness  of  the  face  5  the  nose  is  straight,  the  lips  thin,  the  chin 
rounded.  The  tyi)e  of  the  Djeridi,  descendants  of  the  ancient  Getules, 
is  characterized  on  the  contrary  by  dark  coloring,  almost  that  of  a  mu- 
latto, a  long  and  narrow  skull,  a  high  forehead,  retrouss6  nose,  thick 
lips,  and  receding  chin.  I  have  found  these  two  ethnical  types  well 
distinguished  by  Dr.  CoUihnon  in  the  two  Caliphates  of  Matmata.  The 
first  seemed  to  me  to  predominate  at  Hadeje;  the  second  prevailing  at 
Matmata  Bled  Kebira. 

Besides  these  there  were  seen  here  and  there  in  the  mountains,  per- 
sons without  doubt  of  Zanatian  origin,  who  recall  our  Kabyles;  a  few 
half-breed  Arabs,  and  also  a  small  number  of  negroes,  more  or  less  Ber- 
ber in  type,  exercising  in  general  the  important  profession  of  water-car- 
riers, but  transforming  themselves  in  an  obliging  manner  into  musicians 
for  local  fetes. 

The  Matmatians  are  at  the  same  time  shepherds  and  husbandmen. 
They  raise  herds,  of  which  goats  and  sheep  predominate.  The  wool  of 
these  animals  they  take  to  the  coast  to  sell,  sometimes  raw  and  some- 
times woven.  They  cultivate  barley  and  wheat,  the  date,  olive,  and 
fig,  the  products  of  which  transported  to  Gabes  enable  them  to  acquire, 
by  exchange,  a  quantity  of  foreign  objects  which  more  and  more  take 
the  place  of  the  articles  which  they  formerly  fabricated  for  themselves. 
I  found  in  the  house  of  Ali  porcelains  of  Limoges,  ordinary  glassware, 


Digitized  by  VjOOQ IC 


THE   HOME   OF   THE   TROGLODYTES.  431 

a  tin  lantern  of  Parisian  manufacture,  copper  candlesticks,  wax  candles, 
white  sugar,  a  bottle  of  ink  from  Dijon,  a  pair  of  spectacles  with  silver 
rims,  knives  from  Chatellerault,  knives  and  forks  of  ruolzy  etc.  Nothing 
of  home  manufacture  remained  in  the  surroundings  of  the  good  old 
man  excepting  the  grey  wool  of  the  burnous,  the  rug  from  Oudref 
spread  in  our  room,  and  the  large  dishes  in  basketwork  and  wood  on 
which  the  abundant  diffa  was  served  to  us. 

This  is  the  case  at  Hadeje,  as  well  as  everywhere  else. 

All  that  has  not  succumbed  to  European  influence  is  distinctly  Arab. 
Food,  clothing,  ornaments,  arms,  etc.,  suggest  in  appearance  those  of 
the  nomads  of  the  neighboring  desert. 

Their  social  condition  is  very  similar  to  that  of  the  Arabs,  whom  the 
Matmatians  imitate  as  closely  as  possible  so  long  as  it  entails  nothing 
contrary  to  their  traditional  legislation  (Kanoun).  They  possess  a 
Zaonia,  who  enjoys  a  great  reputation  in  the  mountains,  and  their 
religious  rites  follow  closely  those  of  the  dissenting  Ibbadites,  whose 
beliefs  they  share.  They  bury  their  dead,  according  to  Arabian  custom, 
in  shallow  graves,  so  near  the  surface  of  the  earth  that  a  poet,  in 
visiting  the  spot,  has  been  able  to  say  without  exaggeration  that  in 
this  strange  land  the  dead  occupy  the  place  of  the  living,  while  the 
living  **have  for  habitation  true  sepulchers."  "When  you  see  them 
come  forth,^  the  Arab  poet  goes  on  to  say,  "it  seems  as  if  they  were 
rising  for  the  day  of  judgment." 

Beni-Zelten  and  Toujane  mark  the  extreme  eastern  limit  of  the 
country  of  the  Troglodytes.  The  Berber  language  is  agaiii  heard  when 
beyond  the  last  inhabited  cave  the  terraces  of  the  dreary,  gray  houses 
of  the  Zanaitia  re-appear,  overlooking  in  the  distance  the  steep  cliff,  the 
extended  plain,  and  the  sea. 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


SUMMARY  OF  PROGRESS  IN  ANTHROPOLOGY  IN  1891. 


By  Otis  T.  Mason. 


The  purpose  of  this  summary  is  to  draw  attention  to  combined  and 
organized  resources,  rather  than  to  individual  eflfort.  The  number  of 
books,  pamphlets,  papers,  etc.,  read  before  societies  and  general  meet- 
ings and  congresses,  and  of  articles  in  current  periodicals,  is  so  great 
that  it  were  impossible  to  enumerate  them.  Furthermore,  this  is  not 
necessary  now  as  formerly,  since  several  of  the  organs  of  anthropolog- 
ical societies  publish  great  lists,  and  special  journals  in  each  division 
of  the  subject  pay  great  attention  to  bibliography.  To  American 
readers,  particularly  to  those  who  desire  to  commence  a  course  of 
anthropological  studies,  the  following  should  be  accessible  : 

The  American  Anthropologist^  Washington;  ArcMv  fur  Anthropologic^ 
Braunschweig;  Archivioper  V  Antropologia,  Firenze;  Bulletins  de  la  So- 
eiete  cT Anthropologic  de  Paris;  Internationales  Archivfur  Ethnographic^ 
Leyden;  Journal  of  the  Anthropological  Institute  of  Oreat  Britain  and 
Ir  eland  J  Ijondon-j  L' Anthropologic,  Fans',  Mitthcilungen  der  Anthropo- 
hgischen  Gcsellsohaft  in  Wien;  Revue  Mensuelle  de  V^colc  d^ Anthropo- 
logic, Paris;  Verhandlungen  der  Berliner  Gesellschaft  f'dr  Anthropologic, 
etc.,  Berlin;  Zeitschrift  fiir  Ethnologic,  by  the  same  society. 

Journals  of  popular  character  which  can  not  bi»-  neglected  are :  Acad- 
emy, London ;  The  American  Naturalist,  New  York ;  Athenwum,  London ; 
Ausland,  Stuttgart;  Nature,  London;  Popular  Science  Monthly,  New 
York;  Revue  Scientifique,  Paris;  Science,  New  York. 

The  address  of  Prof.  Max  MUller,  as  vice-president  of  the  section  of 
anthropology  in  the  British  Association,  at  the  meeting  held  in  Cardiff 
in  August  of  this  year,  was  a  review  of  the  forty  years  during  which  he 
had  taken  part  in  this  organization.  In  that  early  day  there  was  no 
section  of  anthropology,  the  study  of  mankind  being  relegated  to  sec- 
tion D  (zoology  and  botany).  In  1851  section  E  (geography  and  ethnohgy) 
was  formed,  the  former,  however,  more  and  more  absorbing  the  latter 
until  1884,  when  section  H  (anthropology)  was  organized.  In  1847  the 
debates  on  ethnology  were  most  popular,  shared  in  by  Miiller,  Prichard, 
Latham,  Crawford,  Bunsen,  Karl  Meyer,  Prince  Lucien  Bonaparte,  and 
patronized  by  Prince  Albert.    In  Prof.  Milller's  aildress,  the  prophecies 
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of  his  first  meeting  are  delightfully  referred  to  iu  connection  with  their 
fulfillment  of  to-day. 

The  following  communications   were  made  before  the  section  of 
anthropology  in  1891 : 

Social  and  religious  ideas  of  the  Chinese.     By  K.  K.  Dou^^las. 

Analysis  of  vowel  soands.    R.  J.  Lloyd. 

Family  life  of  the  Haidas.    Charles  Harrison. 

Report  of  the  northwestern  tribes  of  Canada.     By  the  ( 'ommittee. 

On  the  work  of  Maj.  J.  W.  Powell.     Max  Miiller. 

Ancient  language  of  the  natives  of  Teueriffo.     By  the  Marquess  of  Bute. 

The  limits  of  savage  religion.     F.  B.  Tylor. 

Convade.    H.  Ling  Roth. 

Customs  of  the  natives  of  Assam.     S.  £.  Peal. 

Burial  customs  of  New  Britain.    B.  Danks. 

Barbaric  elements  in  ancient  Greece  and  Italy.    G.  Hartwell  Jones. 

ITie  Morocco  Berbers.    J.  E.  B.  Meakin. 

On  the  worship  of  the  meteorites.     11.  A.  Newton. 

Ancient  Welsh  customs,  etc.    Dr.  Phen^. 

First  sea  wanderings  of  the  English  race.    W.  M.  Adams. 

Old- World  myths  and  the  Navajo  "Mountain  Chant."    A.  W.  Buckland. 

East  Central  African  customs.     By  J.J^lacdonald. 

Report  of  the  prehistoric  inhabitants  committee. 

Report  of  the  Elbolton  cave  committee. 

Instinctive  criminality.    By  S.  A.  K.  Strahan. 

The  anthropometric  method  of  identifying  criminals.     By  J.  G.  Garson. 

Recent  Hittite  discoveries.    By  Dr.  Phen6. 

The  Similkameen  Indians  of  British  Columbia.     By  Mrs.  S.  S.  Allison. 

Nicobar  pottery.    By  E.  H.  Man. 

Report  of  the  anthropometric  laboratory  committee. 

Report  of  the  anthropological  notes  and  queries  committee. 

Report  of  the  Indian  Committee. 

The  French  Association  for  the  Advancement  of  Science  held  its 

twentieth  session  in  Marseilles,  September  17-24.  In  the  eleventh  sec- 
tion, devoted  to  anthropology,  the  following  papers  of  general  interest 

were  read : 

M.  Fauvelle :  Succession  of  environments  inhabited  by  the  series  of  nian^s  ancestors. 

Delisle:  Artificial  deformation  of  the  skull  in  trance.  The  coiffures  which  pro- 
duce them  and  the  chart  of  their  distribution. 

Philippe  Rey :  The  skulls  of  the  insane. 

Ernest  Chantre :  Peoples  of  Russian  Armenia. 

Ernest  Chantre :  Ethnographic  objects  from  the  Kurds  of  Mount  Ararat. 

M.  Layard:  Obsidian  from  TenerifFe. 

G.  de  Mortillet :  The  paleolithic  epochs  in  their  relation  to  the  Alpine  glaciers. 

F.  Barthelemy:  Glacial  deposits  and  diluvial  deposits  of  the  Mosilla. 

Gustave  Chauvet:  Classification  of  Quaternary  times  in  Chauvant. 

A.  de  Mortillet:  The  value  of  objects  of  human  industry  as  an  element  in  classifying 
quaternary  deposits. 

M.  Tardy:  Prehistoric  religious  monuments. 

M.  Pallery :  The  hand  in  Jewish  and  Mussulman  traditions. 

A  novel  feature  of  tliis  meeting  was  the  (choice  of  a  subject  for  special 
discussion  at  the  meeting  to  be  held  at  Pan  in  1892  under  the  pres- 
idency of  Dr.  Mai^itot,  namely,  the  criminal  type  from  the  anthropo- 
logical point  of  view. 
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The  Paris  school  of  Anthropology  not  only  continued  its  course  of 
lectures,  but  provided  for  their  widespread  influence  and  perpetuation 
by  establishing  a  monthly  journal,  Revue  Mensnelle  de  V Anthropologic 
de  Pari^.  The  course  of  lectures  during  the  year  included  the  follow- 
ing: 

G.  de  Mortillet:  The  origin  of  agriculture. 

Andr^  Lefevro:  Linguistic  evolution;  origin  of  articu hi te language. 
G.  Herv^:  General  natural  history  of  man  and  of  tbe  human  races. 
J.  V.  Labonle:  The  instinctive  and  the  intelU'ctual  functions. 
Maboudeau:  Histology  of  the  skin,  it-s  atta<;hments  and  the  organs  of  sense. 
Bordier:  AccHmation.     Role  of  the  interior  environment  in  the  phenomena  of  ac- 
climation. 
Manouvrier:  Human  anatomy  and  its  relations  with  psychology. 
Letoumeau :  My thologic  evolution  among  the  human  races. 
A.  de  Mortillet:  Industry'  among  prehistoric  peoples  and  among  modem  savages. 

The  Ninth  International  Congress  of  Americanists  was  announced  to 
meet  in  the  Convent  of  Santa  Maria  de  la  Rabida,  in  the  province  of 
Huelva,  Spain,  from  the  7th  to  the  11th  of  October,  1892.  at  the  close  of 
the  session  of  the  Congress  of  Orientalists,  to  be  held  in  Seville  Octo- 
ber 1  to  6.  To  celebrate  the  fourth  centennial  after  the  discovery  of 
America,  extraordinary  prei)arations  were  made.  The  naming  of  the 
continent,  the  voyages  of  ('olumbus,  the  government  of  the  Indians  by 
the  different  countries  interested,  and  the  influence  of  Europeans  upon 
the  aboriginal  habits  and  governments  and  kindred  topics  were  to  be 
made  prominent.  The  archajologic,  ethnographic,  linguistic,  and  his- 
toric papers  and  debates  were  selected  and  ordered  with  reference  to 
the  one  absorbing  event  of  the  year. 

The  American  Association  for  the  Advancement  of  Science  met  in 
Washington  under  the  patronage  of  a  joint  committee  of  all  the  scien- 
tific societies.  The  Anthropological  Society  of  Washington  and  the 
Women's  Anthropological  Society  were  especially  active  in  giving  suc- 
cess to  their  section.  Papers  germane  to  the  study  of  man  were  not 
confined  to  Section  H.  The  presidential  address  upon  the  possibilities 
of  the  vegetable  kingdom  for  yielding  new  jdants  to  the  service  of  man 
was  practically  an  anthropological  paper.  The  geologic^al  section  also 
listened  to  papers  on  the  quaternary  that  can  not  fail  to  be  instructive 
to  students  of  the  antiquity  of  man.  Section  I,  devoted  to  economics 
and  social  problems,  divided  the  time  of  many  anthropologists  with 
Section  H.  Prof.  Jastrow  presided  over  Section  11,  and  chose  as  his 
theme  "Analogy  as  a  basis  of  argument  among  lower  races  and  among 
the  Folk."  Suggestions  were  made  relative  to  the  formation  of  a  sec- 
tion of  psychology  in  the  association,  but  it  was  thought  that  more 
would  be  lost  than  gained  by  diverting  attention  from  the  general  sec- 
tion of  anthropology.  The  Washington  meeting  was  esi)ecially  favored 
by  the  bringing  out  of  Maj.  Powell's  Linguistic  Map  of  North  America, 
by  papers  of  Mr.  Frank  Cushing,  and  by  a  minute  recitsd  of  the  ghost 
dance  by  Mr.  James  Moomy,  who  had  been  participating  therein  for 
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several  weeks.  The  splendid  collections  of  the  National  Museum  and 
of  the  Army  Medical  Museum  were  thrown  open,  visits  were  made  to 
the  Piney  Branch  bowlder  quarries  and  to  other  aboriginal  Remains  in 
the  vicinity  of  the  capital. 

The  following  papers  were  read  before  Section  H  of  the  American 
Association  for  the  Advancement  of  Science  : 

The  essentials  of  a  good  education.     W.  H.  Seaman. 

Kava-drinkiug  among  the  Papuans  and  Polynesians.    Walter  Hough. 

A  linguistic  map  of  North  America.    J.  W.  Powell. 

Jade  implements  from  Mexico  and  Central  America.     Thomas  Wilson. 

Gold  ornaments  in  the  United  States  National  Museum  from  the  United  States  of 
Colombia.    Thomas  Wilson. 

Siouan  onomatopes  interjection  and  phonetic  types.     J.  O.  Dorsey. 

On  a  collection  of  stone  pipes  horn  Vermont.    G.  H.  Perkins. 

An  experiment  in  human  stirpiculture.    Anita  Newcomb  McGee. 

Relics  of  ancient  Mexican  civilization.     Zelia  Nuttall. 

Bow-stretchers.    Edward  S.  Morse. 

Prehistoric  bows.    Edward  S.  Morse. 

The  Nez  Perce  country.    Alice  C.  Fletcher. 

Relation  of  a  Loveland,  Ohio,  implement-bearing  terrace  to  the  moraines  of  the  ice 
sheet.    Frank  Leverett. 

Utility  of  physical  study  of  child  life.    Laura  Osborne  Talbott. 

Origin  of  the  name  '*  Chautauqua."    Albert  Gatschet. 

Outlines  of  Zuni  creation  and  migration  myths  considered  in  their  relation  to  the 
Ka-ka  and  other  dramas  or  so-called  dances.    Frank  Hamilton  Gushing. 

An  ancient  human  cranium  from  southern  Mexico.    F.  W.  Putnam. 

The  length  of  a  generation.    C.  M.  Woodward. 

Burial  customs  of  the  Hurons.    Charles  A.  Hirschfeldcr. 

The  Messiah  religion  and  the  ghost  dance.    James  Mooney. 

Study  of  a  dwarf.    Frank  Baker. 

Stone  drills  and  perforations  in  stone  from  tlie  Susquehanna  River.    Atreus  Wanner. 

Evidence  of  the  high  antiquity  of  man  in  America.    Thomas  Wilson. 

On  bone,  copper,  and  slate  implements  found  in  Vermont.    G.  H.  Perkins. 

Some  archffiological  contraventions.    Gerard  Fowke. 

On  the  distribution  of  stone  implements  in  the  tidewater  provinces.     W.  H.  Holmes. 

Aboriginal  novaculite  quarries  in  Arkansas.    W.  H.  Holmes. 

Games  of  Teton  children.    J.  Owen  Dorsey. 

Geographical  arrangement  of  prehistoric  olyects  in  the  United  States  National  Mu- 
seum.   Thomas  Wilson. 

Curious  forms  of  chipped  stone  implements  found  in  Italy,  Honduras,  and  the 
United  States.    Thomas  Wilson. 

Inventions  of  antiquity.    Thomas  Wilson. 

Siudj'  of  automatic  motion.    Joseph  Jastrow. 

Race  survivals  and  race  mixture  in  Great  Britain.     W.  H.  Babcock. 

The  Smithsonian  Institution  issued  two  annual  re]K)rt8  in  1891,  besides 
separate  papers  in  the  proceedings  of  the  United  States  National  Mu- 
seum. The  Bureau  of  Ethnology  published  its  Seventh  Anntuil  Report^ 
1885-'86;  Catalogue  of  Prehistoric  Works  East  of  the  Rocky  Mountains, 
by  Cyrus  Thomas;  Omaha  and  Ponka  Letters,  by  J.  Owen  Dorsey; 
T'  '"»fifraphy  ■  f  the  Algonquian  Language,  by  J.  C.  Pilling;  The  Kla- 
Southweatem  Oregon  {Coni.  to  N.  A.  EthnoL^  vol.  ii), 
Dhegiha  Language  {Coni,  to  K,  A.  Ethnoh^  vol. 


^^^  dian        South  wea 

^^H  ^at-        HbeD] 
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VI),  by  J.  Owen  Dorsey ;  A  Dakota-Euglisli  Dictionary  {Cont.  to  X,  A. 
Ethnol.j  vol.  VII),  by  Stephen  E.  Riggs. 

Tiie  rapid  popularization  of  anthropological  knowledge  of  the  best 
sort  is  seen  in  the  Contemporary  Science  Series,  edited  by  Havelock 
Ellis  and  published  by  Walter  Scott,  London.  The  volumes  already 
advertised  are: 

1.  The  ovolation  of  sex.     By  P.  Geddes  and  J.  A.  Thomson. 

2.  Electricity  iu  modern  life.     By  de  Tunzelman. 

3.  The  origin  of  the  Aryans.     By  Isaac  Taylor. 

4.  Physiognomy  and  expression.     By  P.  Mautegazza. 

5.  Evolution  and  disease.     By  J.  B.  Sutton. 

6.  The  village  community.     By  G.  L.  Gomme. 

7.  The  criminal.     By  Havelock  Ellis. 

8.  Sanity  and  insanity.    By  Charles  Mercier. 

9.  Hypnotism.    By  Albert  Moll. 

10.  Manual  training.     By  C.  M.  Woodward. 

11.  The  science  of  fairy  tales.     By  E.  S.  Hartland. 

12.  Primitive  folk.     By  Elie  Reclus. 

13.  The  evolution  of  marriage.     By  M.  Letonmeau. 

14.  Bacteria  and  their  products.     By  G.  S.  Woodhead. 

15.  Education  and  heredity.     By  J.  M.  Guyau. 

16.  The  man  of  genius.     By  Cc-sare  Lombroso. 

For  the  purpose  of  perfecting  organization  and  bringing  together  the 
various  associations  in  oui*  country  devoted  to  anthropology,  the  Ameri- 
can Oriental  Society  appointed  a  committee  to  learn  if  it  were  practica- 
ble to  open  negotiations  with  other  philological,  archaeological,  and  eth- 
nological societies  with  a  view  to  adopting  a  common  time  and  place 
for  meeting  every  other  year.  The  following  associations  are  included 
in  the  list: 

The  American  Oriental  Society,  1842. 
The  American  Philological  Association,  1869. 
The  Archffiological  Institute  of  America,  1879. 
The  Anthropological  Society  of  Washington,  1879. 
The  Society  of  Biblical  Literature  and  Exegesis,  1880. 
The  Modern  Language  Association  of  America,  1883. 
The  American  Folk- Lore  Society,  1888. 
The  American  Dialect  Society,  1889. 

The  friends  of  the  natural  history  of  man  Avill  look  forward  with  great 
interest  to  the  result  of  this  inquiry. 

In  May,  1890,  at  the  request  of  several  gentlemen  in  Chicago,  Prof. 
F.  W.  Putnam  outlined  a  plan  for  an  ethnological  and  archaeological 
exhibit,  particularly  relating  to  America,  as  a  desirable  and  instructive 
section  of  the  World's  Columbian  Exposition,  this  exhibit  to  be  brought 
together  largely  by  special  exploration  and  research  and  with  the  un- 
derstanding that  it  should  form  the  nucleus  of  a  i)ermanent  ethnolog- 
ical museum  in  Chicago.  This  plan  was  printed  in  the  Chicago  Tribune 
of  May  31, 1890. 

In  the  following  September,  Prof.  Putnam  was  invited  to  address  the 
Committee  on  Permanent  Organization  of  the  National  Board  of  Com- 
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missioiiers  oii  tlic  subject  of  aii  ethnological  and  archtfological  exhibit, 
and  soon  afterwards  the  Board  of  Directors  invited  him  to  present  his 
views  before  that  body.  The  substance  of  these  remarks  was  printed 
by  the  Committee  on  Organization  of  National  Commissioners  as  an 
appendix  to  their  report  on  September  15, 1890. 

In  January,  1891,  the  Director-General  of  the  Exposition  invited  Prof. 
Putnam  to  a  conference  on  the  scope  and  plan  for  Department  M,  Avhich 
had  been  designated  by  the  National  Commissioners  with  the  title 
"Ethnology,  Archaiology,  Progress  of  Labor  and  Invention,"  and  on 
February  5  Prof.  Putnam  was  officially  appointed  Chief  of  the  Depart- 
ment. 

The  National  Board  of  Commissioners  and  the  Board  of  Directors 
are  specially  interested  in  the  development  of  this  department,  which 
is  so  entirely  removed  from  the  material  interests  of  the  World's  Fair. 
The  understanding  is  that  from  this  exhibit  there  shall  result  a  per- 
manent Columbus  Museum  (for  all  departments  of  Natural  History)  of 
a  character  worthy  of  the  Exposition  and  of  Chicago.  This  result  will 
be  appreciated  by  scientists,  who  w  ill  hail  with  delight  the  formation 
of  a  great  museum  in  tliis  central  part  of  our  country. 

In  former  summaries  attention  has  been  called  to  the  excellent  an- 
thropological work  done  in  Salem,  Cambridge,  Worcester,  New  York, 
Cleveland,  Philadelphia,  Washington,  Cincinnati,  St.  Louis,  Daven- 
port, and  other  cities;  but  these  by  no  means  include  all  the  organized 
effort  to  preserve  in  our  country  the  history  and  natural  history  of  man. 
In  almost  every  American  city  of  iniportance  these  are  banded  together 
in  societies,  many  of  them  incorporated,  men  and  women  devoted  to 
some  branch  of  anthropology.  Omitting  the  medical  societies  that 
publish  somewhat,  sufficiently  catalogued  in  the  Index  Medicus^  the 
writer  has  sought  to  enumerate  the  organizations  in  the  different  States 
that  are  e<| nipped  for  anthropological  work.  The  list  has  been  made 
long  intentionally,  quite  as  much  to  awaken  an  interest  in  the  study 
of  archaeology  and  ethnology  as  to  put  on  record  their  existence  and 
the  amount  of  good  already  accomplished  by  them.  Many  subscription 
journals  in  our  country  also  lend  their  pages  to  anthropological  papers, 
and  these  also  lind  a  place  in  the  list  in  recognition  of  their  services. 
There  are  lew  persons  who  Avill  not  be  surprised  at  the  great  numbers 
of  media  of  communication.  The  work  of  the  future  will  be  to  gather 
them  into  an  organization. 

Alabama  Historical  Society,  Tnsraloosa.     I^ibUsh  Alabama  Historical  Reporter. 

Alaska  HiMtoriral  Society,  Sitka. 

Alaskan  S«icioty  of  Natural  History  ami  Ktbn<»logy,  Sitka. 

Albany  lustitut*;,  Now  York,     rnblisb  transactious. 

American  Academy  oi*  Arts  ami  Sci<Miccs,  Boston,  Mass.     Publish  proceedings. 

American  Academy  of  Political  and  Social  Si'ience,  Philadelphia,  Pa.     Publish  the 

annals  of  the  American  Acatlemy  of  Political  and  Social  Science. 
American  Anthropologist,  Antliropologlcal  Society,  Washington,  D.  C. 
erican  Archieological  Association,  Beuuings,  D.  C. 
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Anthropological  Society,  Washington,  D.  C,  publish  American  AuthropoIogiBt. 

Araericnu  Anthropometric  Society,  Philadelphia,  Dr.  William  Pepper. 

American  Antic^uarian  and  Oriental  Journal,  illnstrated,  Chicago,  111. 

American  Antiqnarian  Society,  Worcester,  Mass.    Publish  Archieologia  Americana. 

American  Association  for  the  Advancement  of  Science,  Salem,  Mass.  Publish  pro- 
ceedings. 

American  Catalogue  (The),  New  York,  office  of  Publishers'  Weekly. 

American  Catholic  Historical  Researches,  Philadelphia.  Publish  Quarterly  Maga- 
zine. 

American  Dental  Association. 

American  Economic  Association,  Baltimore,  Md.    Publications,  contributions. 

American  Folk-Lore  Society,  Boston,  Mass.  Publish  Journal  of  American  Folk- 
Lore  (quarterly). 

American  Geographical  Society,  New  York  city.    Publish  bulletin. 

American  Historical  Association,  Washington,  D.  C. 

American  Institute  of  Christian  Philosophy,  Philadelphia. 

American  Institute  of  Siicred  Literature,  New  Haven. 

American  Journal  of  Archeology  and  History  of  Fine  Arts. 

American  Journal  of  Philology. 

American  Journal  of  Psychology  (The),  Clark  University,  Worcester,  Mass.  Quar- 
terly. 

American  Journal  of  Science,  New  Haven. 

American  Library  Association,  New  York. 

American  Museum  of  Natural  History,  New  York  city.     Publish  bulletin. 

American  Naturalist,  Philadelphia. 

American  Niunismatic  and  Archaeological  Society,  New  York  city.  Publish  pro- 
ceedings. 

American  Oriental  Society,  Cambridge,  Mass.    Publish  journal. 

American  Philological  Association,  Bryn  Mawr,  Pa.    Transactions. 

American  Philosophical  Society,  Philadelphia,  Pa.  Publish  proceedings,  trans- 
actions. 

American  School  of  Classical  Studies  in  Athens,  under  patronage  of  the  Archfeo- 
logical  Institute  of  America. 

American  Social  Science  Association,  Concord,  Mass.    Journal  of  Social  Science. 

American  Society  for  Psychical  Rest^arch.    Publish  proceedings. 

American  Society  for  the  Extension  of  University  Teaching,  1502  Chestnut  street, 
Philadelphia. 

American  Society  of  Church  History,  New  York.     Papers. 

American  Statistical  Association,  Boston,  Mass.     Publish  publications. 

Annual  Report  of  the  American  Historical  Association. 

Annual  Report  of  the  Curator  of  the  Museum  of  Americau  Archaeology,  in  connec- 
tion with  the  University  of  Pennsylvania,  University  Archieological  Associa- 
tion, Philadelphia,  Pa. 

Annual  Report  of  the  Peabody  Museum  of  American  Archwology  and  Ethnology, 
Cambridge',  Mass. 

ArchHBological  and  Ethnological  Papers  of  the  Peaboly  Museum,  Cambridge,  Mass. 

ArchiBological  Institute  of  America,  Boston,  Mass.    Annual  Report. 

Arena  (The),  Boston,  Mass. 

Athdnde  Louisianais  (L')v  New  Orleans,  La. 

Arkansas  Historical  Society,  Little  Rock,  Ark. 

Boston  Scientific  Society,  Boston,  Mass. 

Boston  Medico-Psychologi«?al  Society,  Worcester,  Mass.  American  .Journal  of  Psy- 
chology. 

Boston  Society  for  Ethical  Culture,  Dorchester,  Mass. 

Boston  Society  of  Natural  History,  Boston,  Mass.    Guides  for  Science  Teaching. 


Digitized  by  VjOOQ IC 


440        SUMMARY   OF   PROGRESS    IN   ANTHROPOLOGY    IN    1891. 

Brooklyn  Ethical  Association. 

Brooklyn  Institute,  Brooklyn,  N.  Y. 

Bulletins  of  Proceedings.    Year  Book. 

Brookville  Society  Natural  History,  Brookville,  Ind.     Bulletin. 

Buffalo  Historical  Society,  Buffalo,  N.  Y.  Annual  Report  and  Proceedings;  Tran- 
sactions. 

Buffalo  Society  of  Natural  Sciences,  Buffalo,  N.  Y.     Bulletin. 

California  Academy  of  Sciences,  San  Francisco,  Cal.  Bulletin;  Memoirs;  Proceed- 
ings ;  Occasional  Papers. 

California  Historical  Society,  San  Francisco,  Cal.     Collections. 

Canadian  Record  of  Science,  Montreal,  Canada. 

Cayuga  County  Historical  Society,  Auburn,  N.  Y.    Collections. 

Central  Ohio  Scientific  Association,  Urbana,  Ohio.     Proceedings. 

Century  Magazine,  New  York. 

Chautauqua  Literary  and  Scientific  Circle,  Buffalo,  N .  Y.    Chautauquau,  The. 

Cincinnati  Museum  Association.    Art  Academy  of  Cincinnati. 

Cincinnati  Society  of  Natural  History,  Cincinnati,  Ohio. 

Clark  University,  Worcester,  Mass.    Psycho-physical  laboratory. 

Colorado  Scientific  Society,  Denver,  Colo.     Proceedings. 

Colorado,  State  Historical  and  Natural  History  Society  of,  Denver,  Colo.  Nothing 
yet  published. 

Connecticut  Academy  of  Arts  and  Sciences,  New  Haven,  Conn.    Transactions. 

Davenport  Academy  of  Natural  Sciences,  Davenport,  Iowa.    Proceedings. 

Delaware  Historical  Society,  Wilmington,  Del. 

Denison  Scientific  Association,  Denison.  Texas.    Memoirs. 

Des  Moines  Academy  of  Science,  Des  Moines,  Iowa.     Bulletin. 

Elisha  Mitchell  Scientific  Society,  Chapel  Hill,  N.  C.    Journal. 

Elliot  Society  of  Science  and  Art,  Qharlestou,  S.  C.    Proceedings. 

Essex  Institute,  Salem,  Mass.     Bulletin;  Historical  Collections. 

Evolutionist,  The,  Boston,  Mass. 

Fairfield  County  Historical  Society,  Bridgeport,  Conn. 

Florida  Historical  Society,  St.  Augustine,  Fla. 

Franklin  Institute,  Philadelphia,  Pa.    Journal. 

Friends'  Historical  Association,  Philadelphia,  Pa. 

Fulton  County  Scientific  Society,  Avon,  111. 

Geographical  Society  of  the  Pacific,  San  Francisco,  Cal.  Kowios  (the  official  organ 
of)>    Transactions;  Proceedings. 

Georgia  Historical  Society,  Savannah,  Ga.    Collections. 

Gorges  Society,  Portland,  Me.    Publications. 

Hawaiian  Historical  Society. 

Harvard  College,  Cambridge,  Mass.    Quarterly  Journal  of  Economics. 

Hemenway  Southwestern  Arohsological  Expedition.  A  journal  of  American  Eth- 
nology and  Archajology.    Boston,  Vol.  i,  1889. 

Historical  Society  of  Nashville,  Tenn. 

Huguenot  Society  of  America,  New  York  City.    Collections;  Proceedings. 

Illinois  State  Historical  Society,  Springfield,  111.    Practically  only  a  library. 

Index  Catalogue  of  the  Library  of  the  Surgeon-General's  Office,  Washington,  D.  C. 

Index  Medicns,  Washington,  D.  C. 

Indian  Rights  Association,  Philadelphia,  Pa. 

Iowa  Academy  of  Sciences,  Des  Moines,  Iowa.    Proceedings. 

Iowa  State  Historical  Society,  Des  Moines,  Iowa.    Iowa  Historical  Record. 

Jefferson  County  Historical  Society,  Watertown,  N.  Y. 

Johns  Hopkins  University,  Baltimore,  Md.  Universal  History  and  Political  Science 
studies ;  social  Science,  Education  and  Government,  American  Journal  of  Phi- 
lology;  Stadies  from  Biological  Laboratory. 


Digitized  by  VjOOQ IC 


SUMMARY   OP   PROGRESS   IN  ANTHROPOLOGY   IN   1891.        441 

Journal  (A)  of  American  Ethnology  and  Archaeology,  Boston  and  Ne^v  York. 

Journal  (The)  of  American  Folk-Lore,  Boston  and  New  York.    Quarterly. 

Journal  of  the  Military  Service  Institution,  New  York. 

Kansas  Academy  of  Science,  Topeka,  Kans.    Transactions. 

Kansas  State  Historical  Society,  Topeka,  Kans.    Transactions. 

Lackawanna  Institute  of  History  and  Science  ( ?),  Pa.    Proceedings  and  Collections. 

Lexington  Histori^l  Society,  Lexington,  Mass.     Proceedings. 

Linniean  Society  of  New  York,  New  York  Cit> .  Transactions ;  Abstract  of  Proceed- 
ings. 

Long  Island  Historical  Society,  Brooklyn,  N.  Y.    Memoirs. 

Louisiana  Historical  Society,  Baton  Rouge,  La. 

Lowell  Institute,  Boston,  Mass.     Courses  of  lectures. 

Magazine  of  American  History.    Quarterly. 

Maine  Historical  Society,  Portland,  Me.  Collections ;  Proceedings  and  Collections, 
new  series;  Documentary  History  of  Maine. 

Malcaster  College,  St.  Paul,  Minn.    Contributions. 

Maryland  Academy  of  Sciences,  Baltimore,  Md.    Transactions. 

Maryland  Historical  Society,  Baltimore,  Md.    Annual  Report. 

Massachusetts  Historical  Society,  Boston,  Mass.    Collections ;  Reports. 

Meriden  Scientific  Association,  Meriden,  Conn.    Transactions. 

Metropolitan  Museum  of  Art,  Central  Park,  New  York. 

Michigan  Pioneer  and  Historical  Society,  Lansing,  Mich.  Pioneer  Collections;  His 
torical  Collections. 

Middlebury  Historical  Societj',  Middlebury,  Vt.     Papers  and  Proceedings. 

Minnesota  Academy  of  Natural  Sciences,  Minneapolis,  Minn.     Bulletins. 

Minnesota  Historical  Society,  St.  Paul,  Minn.  Collections;  History  of  Ojibwa  Na- 
tion ;  Biennial  Reports. 

Mississippi  Historical  Society,  Jackson,  Miss. 

Missouri  Historical  Society,  St.  Louis,  Mo.     Publications. 

Modem  Language  Association  of  America,  Baltimore,  Md.  Transactions ;  Transac- 
tions  and  Proceedings ;  Proceedings ;  Publications. 

Monist  (The),  Chicago,  111.    Quarterly  Magazine. 

National  Academy  of  Sciences,  Washington,  D.  C.     Annual  Reports;  Memoirs. 

National  Educatioual  Association,  Washington,  D.  C.    Proceedings. 

National  Geographical  Society,  Washington,  D.  C.  National  Geographical  Mag- 
azine. 

National  Prison  Association.    Reports. 

Natural  History  Society  of  Carbondale,  111. 

Nature's  Realm,  New  York.    A  monthly  magazine. 

Nebraska  State  Historical  Society,  Lincoln,  Neb.  Report  of  Secretary  Biennial: 
Transactions  and  Reports. 

Newbiirgh  Bay,  Historical  Society  of,  Newborgh,  N.  Y. 

New  England  Historical  and  Genealogical  Register,  Boston,  Mass. 

New  Hampshire  Antiquarian  Society,  Hopkintou,  N.  H. 

New  Hampshire  Historical  Society,  Concord,  N.  H.    Collections;  Proceedings. 

New  Haven  Colony  Historical  Society,  New  Haven,  Conn.    Papers. 

New  Jersey  Historical  Society,  Newark,  N.  J.  Proceedings;  Documents  relating 
to  the  colonial  history  of  New  Jersey ;  Journal  of  the  Governors  and  Council  of 
New  Jersey. 

New  Jersey  Natural  History  Society,  Trenton,  N.  J.    Journal. 

New  London  County  Historical  Society,  New  London,  Conn.     Records  and  Papers. 

New  Mexico,  Historical  Society  of,  Santa  Fo,  N.  Mex. 

New  Orleans  Academy  of  Sciences,  New  Orleans,  La.    Papers. 

Newport  Historical  Society,  Newport,  R.  I.     Reports. 

Newport  Natural  History  Society,  Newport,  R.  I.    Proceedings. 
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Newton  Natnral  History  Society^  Newtonvllle^  Mass.    Balletiii. 

New  York  Historical  Society,  New  York  City.     Collections. 

New  York  Academy  of  Anthropology ,  New  York  City.  Transactions;  Miscellaneoas 
Pajiers. 

New  York  Academy  of  Sciences,  New  York  City.    Annals;  Transactions. 

New  York  State  Museum  of  Natnral  History,  Albany,  N.  Y.     Bulletin. 

North  Carolina  Historical  Society,  Chapel  Hill,  N.  C.  • 

Numismatic  and  Antiquarian  Society  of  Philadelphia.    Report  of  Proceedings. 

Ohio  Archaeological  and  Historical  Society,  Columbus,  Ohio.   Publications,  quarterly. 

Ohio  Historical  and  Philosophical  Society  of  Cincinnati,  Ohio.  Annual  reports; 
Publications. 

Old  Colony  Historical  Society,  Taunton,  Mass.    Collections;  Proceedings. 

Oneida  Historical  Society,  Utica,  N.  Y.    Open  Court  (The),  weekly,  Chicago. 

Oriental  Club,  Philadelphia.    Pennsylvania  University. 

Overland  Monthly,  San  Francisco. 
^  Peabody  Museum  of  American  Archaeology  and  Ethnology.    Annual  report. 

Peabody  Academy  of  Science,  Salem,  Mass.    Publications;  Memoirs. 

Pedagogic  (The)  Seminary,  Clark  University,  Worcester,  Mass.,  G.  Stanley  Hall. 

Pennsylvania  (The)  Magazine,  Philadelphia,  Pa.    Quarterly. 

Pennsylvania  Historical  Society  of  Philadelphia,  Pa.  Pennsylvania  Magazine  of 
History  and  Biography,  quarterly. 

Pennsylvania  Historical  Society  of  Pittsburg  and  Western  Pennsylvania,  Pittsburg, 
Pa. 

Philadelphia  Academy  of  Natural  Sciences,  Philadelphia,  Pa.  Journal;  Proceed- 
ings; monthly. 

Philadelphia  Social  Science  Association,  Philadelphia,  Pa.  (now  merged  into  Acad- 
emy of  Political  and  Social  Economy  of  America). 

Pejepscot  Historical  Society,  Brunswick,  Me.    Collections. 

Political  Science  Quarterly  (The),  New  York. 

Popular  Science  Monthly  (The),  New  York. 

Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia. 

Proceedings  of  the  American  Antiquarian  Society,  Worcester,  Mass. 

Proceedings  of  the  American  Association  for  the  Advancement  of  Science. 

Proceedings  of  the  Canadian  Institute,  Toronto,  Canada. 

Quarterly  Bibliography  of  Anthropologic  Literature,  American  Anthropologist, 
Washington,  in  every  number. 

Quarterly  Journal  of  Economics,  Harvard  University,  Cambridge,  Mass. 

Rhode  Island  Historical  Society,  Providence,  R.  I.    Proceedings;  collections. 

Rochester  Academy  of  Science,  Rochester,  N.  Y.    Proceedings. 

Santa  Barbara  Society  of  Natural  History,  Santa  Barbara,  Cal. 

School  of  Applied  Ethics,  Plymouth,  Mass. 

Scientific  American,  with  Supplement,  New  York,  weekly. 

Semitic  Department,  Harvard  University.     Programme  separate. 

Seventh  report  of  committee  appointed  to  investigate  the  physical  characters,  lan- 
guages, and  industrial  and  social  condition  of  the  Northwestern  tribes  of  the 
Dominion  of  Canada.  Report  British  Association  for  Advancement  of  Science, 
1891,  V.  III. 

Smithsonian  Institution,  Washington,  D.  C. 

Society  for  Political  Education,  New  York  City.    Economic  Tracts. 

South  Carolina  Historical  Society,  Charleston,  S.  C.    Collections. 

Southern  California,  Historical  Society  of,  Los  Angeles,  Cal.  Constitution ;  Warm 
and  Cold  Ages;  Annual  Publications. 

Southern  Historical  Society,  Richmond,  Va.     Papers. 

South  Nantick,  Historical,  Natural  History,  and  Library  Society  of,  Massachusetts. 
A  review  of  the  first  fourteen  years  of  the. 
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Staten  Island,  Natural  Science  Association  of  New  Brighton,  N.  Y.     Proceedings. 

St.  Louis,  Academy  of  Science  of  Missouri.    Transactions. 

St.  Paul  Academy  of  Science,  St.  Paul,  Minn. 

Tacoma  Academy  of  Sciences,  Tacoma,  Washington,  D.  C. 

Tennessee  Historical  Society,  Nashville,  Tenn. 

Tennessee  Historical  Society  Papers.    Proceedings  of  the,  at  Mnrfreesboro. 

Texas  State  Historical  Society,  Texas. 

Texas  Academy  of  Science,  Dr.  Everhart,  president. 

Transactions  of  the  Cauailian  Institute,  Toronto. 

Transactions  of  the  Psychological  Society  of  Moscow. 

Union  Ethical  Society,  Philadelphia,  Pa.  The  Ethical  Record  (ten  numbers  only) 
succeeded  by  the  International  Journal  of  Ethics. 

United  States  National  Mnseum,  Washington,  D.  C.     Bulletins. 

University  Archaeological  Association  of  the  University  of  Penusylvania,  in  Phila- 
delphia. Designed  to  co-operate  with  the  department  of  archaeology  and  paleon- 
tology. 

University  of  Michigan,  Ann  Arbor,  Mich.    Philosophical  Papers. 

University  of  Nebraska,  Lincoln,  Neb. 

University  Studies.    Department  of  History  and  Economics.     Seminary  papers. 

University  of  Pennsylvania.    Philadelphia,  Pa. 

Virginia  Historical  Society,  Richmond,  Va.    Virginia  historical  collections. 

West  American  Scientist.  A  popular  monthly  review  and  record  for  the  Pacific 
Coast. 

Western  Reserve  and  Northern  Ohio  Historical  Society,  Cleveland,  Ohio.  Report 
twenty-fourth  annual  meeting. 

Weymouth  Historical  Society,  Weymouth,  Mass.    Publications. 

Wisconsin  Academy  of  Sciences,  Arts,  and  Letters,  Madison,  Wis.    Transactions. 

Wisconsin  Natnralist,  Madison,  Wis.    Monthly. 

Wisconsin,  Natural  History  Society  of,  Milwaukee,  Wis.  Proceedings;  occasional 
papers. 

The  anthropological  museum  is  an  essential  part  of  the  natural  his- 
tory of  man.  The  true  motive  and  spirit  of  a  useful  museum  are  well 
set  forth  in  Dr.  Goode's  lecture  on  the  museums  of  the  future.  The 
ideas  enforced  therein  connect  exhibition  with  study  and  instruction, 
and  make  it  plain  that  the  founders  of  such  an  organization  should 
provide  for  indefinite  expansion.  The  dearth  of  enterprise  and  enthu- 
siasm upon  this  interesting  field  has  been  in  the  past  a  cause  of  lament. 

In  the  University  of  Pennsylvania  the  museum  of  archseology  is  in 
successful  operation,  and  since  1889  a  *^  University  Archaeological 
Association  "  has  grown  to  have  a  contributing  membership  of  275. 
The  president  of  the  university  is  also  presiding  officer  of  the  associa- 
tion, and  there  is  the  closest  sympathy  between  this  organization  and 
the  department  of  archaeology  and  palaeontology  in  the  University. 

A  department  of  archieology  and  palieontology  in  the  University, 
with  American,  Babylonian,  Egyptian,  and  Oriental  sections  in  the 
Museum  of  Archaeology  and  Palaeontology,  has  been  organized  with 
Mr.  Stewart  Culin  as  secretary. 
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The  following  proposed  classificatiou  and  international  nomenclature 
of  the  anthropologic  sciences  has  been  offered  by  Dr.  I).  G.  Brinton: 

ANTHROPOLOGY. 

I.  Somatology. — ^Physical  and  experimental  anthropology. 
II.  Ethnology, — Historic  and  analytic  anthropology. 

III.  Ethnography. — Geographic  and  descriptive  anthropology. 

IV.  Archmology. — Prehistoric  and  reconstructive  anthropology. 

I.  Somatology. — 1.  Internal  somatology:  Osteology,  craniology,  pro- 
sopology,  myology,  splanchnology.  2.  External  somatology:  Anthro- 
I)ometry,  color,  hair,  canons  of  proportion,  physical  beauty.  3.  Psy- 
chology: Experimental  and  practical,  sensation,  rates  of  nervous  im- 
pulse, brain  and  nerve  action.  4.  Developmental  and  comparative 
somatology:  Embryology,  heredity,  teratology,  human  biology,  evolu- 
tion, anatomy  of  anthropoids,  ethnic  anatomy  and  physiology,  compara- 
tive nosology  and  medical  geography,  fertility  and  sterility,  racial 
pathology,  criminal  anthropology,  vital  statistics,  anatomical  classifi- 
cation of  races. 

II.  Ethnology. — 1.  Sociology:  Systems  of  government  ajid  the  so- 
cial contract,  laws  and  ethical  standards,  the  marriage  relation  and 
rules  of  consanguinity  and  descent,  social  classes  and  institutions,  in- 
ternational relations  (war,  commerce,  colonization).  2.  Technology: 
The  utilitarian  arts,  as  tool-making,  ceramics,  architecture,  agricul- 
ture, means  of  transportation,  clothing,  weights  and  measures,  media 
of  exchange;  the  sesthetic  arts — music,  drawing,  painting,  sculpture, 
decoration,  games,  cookery,  perfumery.  3.  Religion:  Psychological 
origin  and  development;  personal,  family,  tribal,  and  world  religions; 
animism,  fetichism,  polytheism,  monotheism,  atheism;  mythology  and 
mythogeny;  symbolism  and  religious  art;  sacred  places  and  objects; 
rites,  ceremonies,  and  mortuary  customs;  religious  teachers,  classes? 
and  doctrines;  theocracies;  analyses  of  special  religions;  philosophy 
and  natural  history  of  religions.  4.  Linguistics :  Gesture  and  sign  lan- 
guage; spoken  language — parts  of  speech,  logic  of  grammar,  origin, 
growth,  and  classification  of  languages,  relation  to  ethnography;  writ- 
ten language — pictographic,  symbolic,  ideographic,  and  phonetic  writ- 
ing, evolution  of  alphabets,  phonetic  systems;  forms  of  expression — 
poetic  (metrical,  rhythmical),  dramatic,  prosaic.  5.  Folk-lore:  Tradi- 
tional customs  and  narratives,  folk-sayings,  superstitious  beliefs  and 
practices. 

III.  Ethnography. — 1.  General  ethnography:  Origin,  characteristics, 
and  subdivisions  of  races  and  peoples;  the  ^'geographical  provinces" 
or  "areas  of  characterization;"  anthropo-geography;  lines  of  mf ':ra- 
tions  and  national  intercourse.  2.  Special  ethnography:  The  Euraf- 
rican  or  White  Race  (North  Mediterranean  and  South  Mediterranean 
branches),  the  Austafrican  or  Black  Race,  the  Asian  Race  (Sinitic  and 
Sibiric  branches),  the  American  Race,  Insular  and  Littoral  peoples 
(Nigritic,  Malayic,  and  Australic  stocks). 
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IV.  Archaeology, — 1.  General  archaeology:  Geology  of  the  epoch  of 
man;  glacial  phenomena;  diluvial  and  alluvial  deposits;  physical 
geography  of  the  quaternary;  prehistoric  botany  and  zoology;  pre- 
historic ages — the  age  of  stone  (palaeolithic  period,  neolithic  period), 
the  age  of  bronze,  the  age  of  iron,  prehistoric  commerce,  paleth- 
nology;  proto-historic  epoch.  2.  Special  archaeology:  Egyptian,  As- 
syrian, Phenician,  Classical,  Medieval,  and  American  Archaeology. 

BIOLOGY. 

On  the  biological  side  th^  best  comprehensive  survey  of  anthropology 
is  Topinard's  "  L  'Homme  dans  la  ^Nature.''  It  will  be  remembered  that 
in  1876  the  author  published  his  "Anthropologic,"  an  elementary 
treatise  inspired  and  patronized  by  Broca.  In  1886  appeared  the  au- 
thor's "  Elements  d'Anthropologie  Generale,"  an  elaborate  volume  of 
over  eleven  hundred  pages,  of  which  the  present  work  is  a  comprehen- 
sive abridgement,  bringing  the  subject  down  to  date.  The  lectures  in 
the  Ecole  d' Anthropologic,  based  on  studies  made  upon  materials  gath- 
ered in  the  museum  of  the  Societe  d'Anthropologie,  the  Musee  Broca, 
of  the  Ecole,  and  in  other  collections  of  Paris,  continue  to  be  the  best 
effort  to  make  public  the  results  of  biological  anthropology.  In  our 
own  country,  outside  the  medical  colleges  and  the  Surgeon  General's 
laboratory,  little  anthropo-biological  work  was  done;  an  exception  is 
ti>  be  made  in  the  matter  of  psycho-physics.  If  one  should  wish  how- 
ever to  become  acquainted  with  the  biological  work  of  the  world,  he 
would  only  have  to  turn  to  the  Index  Medicus  and  the  Index  Catalogue 
of  the  Surgeon  General's  library.  The  purely  anthropological  part  of 
these  catalogues  also  appears  in  the  current  numbers  oi  American  An- 
thropologistj  edited  by  Dr.  Eobert  Fletcher. 

Psycho-physics. — For  the  study  of  psy  sho-phy sics  and  kindred  branches 
of  anthropology  the  American  Journal  of  Psychology  is  the  standard 
authority.  The  current  literature  of  the  world  is  there  reviewed,  and 
the  titles  of  foreign  periodicals  and  journals  contributing  to  the  science 
are  given. 

In  March,  Dr.  Henry  H.  Donaldson  delivered  before  the  Boston 
Medico-Psychological  Society  a  course  of  six  lectures  on  cerebral  local- 
ization. This  series  draws  attention  to  a  doubly  interesting  fact, 
namely,  the  existence  of  a  medico  psychological  society,  coupled  with  a 
course  of  public  lectures  for  pedagogical  purposes.  The  subjects  of 
the  lectures  were  as  follows : 

(1)  Eecent  advances  in  our  knowledge  concerning  the  structure  of 
nerve  cells  and  nerve  fibers,  and  the  relation  of  these  to  one  another. 
The  most  valuable  anthropometric  publication  of  the  year  is  Risley's 
'*  Tribes  and  Castes  of  India,"  two  octavo  volumes,  containing  876  pages 
of  measurements,  to  be  followed  by  a  volume  which  will  give  full  analyses 
of  the  data,  indicating  their  bearing  upon  the  ethnology  of  northern 
India,  and  also  uj>on  certain  more  general  questions  which  have  been 
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discussed  in  Europe.  The  measurements  were  taken  in  Bengal,  the 
Northwestern  Provinces,  and  the  Panjab,  in  1886-1888.  Topinard's 
measures  and  instruments  were  employed,  with  the  exception  of  the 
naso-malar  index  of  Oldfield  Thomas.    {J.  Anthrop.  Inst  May,  1885). 

(2)  Continuation  upon  the  architecture  of  the  nervous  system. 

(3)  The  motor  regions  of  the  brain.  The  middle  i)ortions  of  both 
hemispheres  contain  motor  centers. 

(4)  The  sensory  centers.  The  motor  centers  form  a  dividing  liue  in 
the  cortex,  behind  which  lie  the  sensory  centers,  and  in  front  is  an  un- 
occupied area  which  is  left  out  of  the  discussion. 

(5)  Cerebral  localization  in  the  vertebrate  series  becoming  less  per- 
fect as  we  pass  downward. 

(6)  The  principal  explanations  which  have  been  offered  for  the  phe- 
nomena of  cerebral  localization  and  some  of  the  points  of  contact  be- 
tween these  phenomena  and  psychology'. 

Dr.  Donaldson's  observations  on  the  brain  and  several  sense-organs 
of  the  blind  deaf-mute,  Laura  Dewey  Bridgman,  in  the  American  Jour- 
nal of  Psychology  (iv,  248-249)  is  accompanied  with  a  bibliography  of 
ninety-two  titles,  bearing  upon  the  study  of  the  brain  and  sense  organs 
in  Health  and  disease.  These  titles  are  numbered  and  references  to 
them  in  the  text  are  made  by  the  numbers  and  not  by  foot  notes. 

Dr.  Edmund  C.  Sanford  presents  in  the  American  Journal  of  Psy- 
chology (IV,  141-155)  the  outlines  of  a  course  of  study  of  lectures  in 
physiological  psychology.  Tliis  is  done  not  only  to  encourage  the  estab- 
lishment of  laboratories,  but  to  assist  college  men  and  others,  who  are 
not  prepared  to  make  original  investigations,  in  repeating  the  experi- 
ments of  the  best  establishments.  In  each  case  the  apparatus  and  the 
method  of  applying  it  are  minutely  described.  The  following  program 
is  followed: 

I.  The  dermal  senses. — (1)  Sensations  of  contact.  (2)  Sensations  of 
temperature.    (3)  Sensations  of  pressure. 

II.  Static  and  Jcinwsthetic  senses. — (1)  Recognition  of  the  posture  of 
the  body  as  a  whole.  (2)  Sensations  of  rotation.  (3)  Sensation  of 
progressive  motion.  (4)  Muscle  sense.  (5)  Innervation  sense.  (6)  Sen- 
sations of  motion.  (7.)  Sensation  of  resistance.  (8)  Bilateral  assjon- 
metrics  of  position  and  motion. 

In  an  elaborate  paper  on  the  psychology  of  time,  Mr.  Hebert  Nichols 
reviews  the  terms  and  expressions  for  time  in  the  classic  authors,  fol- 
lows the  conception  of  a  psychological  recognition  of  time  historically, 
and  completes  his  essay  with  a  review  of  modern  psycho-physical  experi- 
ments in  this  direction.  As  a  summary  of  the  experiments  of  Horing, 
Mach,  Vierordt,  KoUert,  Estel,  Mehner,  Glass,  Stevens,  Ejner,  and 
MUnsterberg  the  most  conclusive  result  may  thus  be  summed  up. 

Nearly  all  persons,  under  nearly  all  conditions,  find  a  particular  length 
of  interval  more  easily  and  accurately  to  be  judged  than  any  other. 
This  "indifference  point,"  or  interval  of  best  judgment,  is  very  vari- 
able for  different  individuals  and  for  different  times  and  conditions. 
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<^  The  sign  of  tlie  Oonstaut  Error  is  usiially  constant  in  both  direc- 
tions from  the  Indifference  Point." 

Where  norm  and  re-production  are  single,  the  constant  error  is  minus 
for  intervals  longer  and  plus  for  intervals  shorter  than  the  indifference 
interval.  "  Where  norm  and  re-production  are  multiples,  the  constant 
error  is  plus  for  intervals  longer  and  minus  for  those  shorter  than  the 
indifference  interval.  The  majority  of  evidence  is  strongly  against  the 
validity  of  Weber's  law;  also  against  any  fixed  or  constant  periodicity. 

^^  Later  investigators  look  to  physiological  processes  for  explanations 
of  time  judgments,  and  particularly  to  rythmic  habits  of  nerve  centers. 
Whether  such  processes  as  breathing,  pulse,  leg-swing,  etc.,  govern 
our  perceptions  or  whether  the  more  general  rythmic  functions  of  the 
higher  cephalic  centers  are  in  themselves  the  basis  of  time  judgment  is 
now  the  imx>ortant  question." 

In  1890,  was  founded  in  Hamburg  and  Leipzig,  Zeitschrift  fur  Psy- 
chologie  und  Physiologic  der  Sinnesorgane^  a  bimonthly  octavo  under 
the  editorship  of  Hermann  Ebbinghaus  and  Arthur  Konig,  assisted  by 
H.  A-ubert,  S.  Bxner,  H.  v.  Helmholtz,  E.  Hering,  J.  v.  Kries,  Th.  Lipps, 
G.  E.  Mttller,  W.  Preyer,  and  C.  Stumpf. 

Original  papers  by  the  most  distinguished  investigators  are  pub- 
lished in  each  number,  works  of  chief  importance  are  reviewed,  and,  of 
the  greatest  value,  a  bibliography  of  psycho-physical  literature  for  1889 
is  given  in  the  fourth  number,  pages  365-418.  This  bibliography  is  a 
model  of  convenience.  The  titles  are  classified  and  numbered  and  an 
alphabetical  list  of  authors  refers  in  each  case  to  the  title  of  the  author's 
book.  Thus  it  is  possible  to  exhibit  the  classification  of  the  material, 
the  full  title,  and  to  find  the  work  through  three  separate  lists. 

The  Society  for  Psychical  Research  continued  its  active  investigations 
upon  the  phenomena  of  hypnotism,  animal  magnetism,  suggestive 
therapeutics,  psycho-therapeutics,  phantasms  of  the  living,  phantasms 
of  the  deid,  clairvoyance,  premonitions,  hallucinations,  thought-trans- 
ference or  telepathy,  and  the  like.  In  order  to  stimulate  its  friends 
and  members  to  renewed  activity,  a  circular  was  issued  insisting  that 
"  the  value  to  be  attached  to  the  evidence  already  collected  must  largely 
depend  on  its  continuous  reenforcement  by  fresh  cases  of  like  kind 
observed  with  care  and  recorded  without  delay.  In  the  second  place, 
supposing  that  the  general  facts,  say  of  telepathy  or  of  veridical  appa- 
ritions, were  even  universally  admitted,  it  would  still  be  a  matter  of 
prime  interast  and  importance  to  discover  as  much  as  possible  of  the 
laws  which  govern  these  strange  i)henomena,  and  it  is  therefore,  impos- 
sible to  assign  any  limit  to  the  number  and  variety  of  cases  which  might 
be  collected  and  registered  with  this  end  in  view.'' 

The  most  noticeable  advance  in  the  prosecution  of  this  part  of  anthro- 
pological work  is  in  the  line  of  co-ordination  and  co-operation.  The 
Psychological  Society  of  Moscow  was  founded  in  1888  for  the  discus- 
sion of  problems  in  psychology,  its  foundation,  theory,  applications,  and 
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hivStory.    The  society  has  pablished  three  volames  of  transactions.    A 
journal  was  founded  entitled  ^'Problems  in  Philosophy  and  Psychology.^ 

A  grant  was  made  to  the  Toronto  University  for  the  equipment  of  a 
laboratory  of  experimental  psychology.  Offers  were  made  to  students 
at  once  to  furnish  such  apparatus  as  should  be  needed  for  the  present 
purposes,  and  promises  given  that  the  provincial  government  would 
print  the  results  of  the  investigation  should  these  results  warrant  it. 

For  the  study  of  psycho-physics  and  kindred  branches  of  anthropol- 
ogy, the  American  Journal  of  Psychology  is  the  standard  authority. 
The  current  literature  of  the  world  is  there  reviewed  and  the  titles  of 
foreign  periodicals  and  journals  contributing  to  the  science  are  given. 
Outside  of  this  eminent  journal  the  entire  literature  of  the  subject  is  to 
be  sought  in  the  following: 

Allgemeine  Zeitschrift  fUr  Psyohiatrie  and  psyohisch-gerichtliche  Medicin. 

Annales  M^dioo-Psychologiqaes. 

Archivee  de  Nenrologie.    Charcot,  Paris. 

Archiv  fUr  die  gesammte  Pliysiologie.    PflUger. 

Arohiv  fdr  Physiologie.    Dabois-Reymond. 

Archiv  ftlr  Psychiatric  and  Nerven-Krankheiten. 

Brain. 

Deutsche  Zeitschrift  fUr  Neryenheilkonde. 

Mind. 

Philosophische  Stadien.    Wandt. 

Revue  de  THypnotisme.    B^rillon. 

Revue  Philosophique.    Ribot. 

Rivista  sperimentale  di  Freniatria  e  di  Medecina  Legale. 

Zeitschrift  fdr  Psychologic  und  Physiologie  der  Sinnesorgane.    Ebbinghaus. 

ETHNOLOGY. 

Two  contributions  to  ethnographic  science  made  in  this  year  should 
be  named  together,  Powell's  Linguistic  Map  of  North  America  and 
Brinton's^^AmericanBace.''  The  former  is  the  gathered  result  of  all  that 
has  been  done  hitherto  in  locating  North  American  stocks  and  tribes, 
systematized  and  put  into  shape  by  thirteen  years  of  continuous  elfort 
of  M^or  Powell  and  the  Bureau  of  Ethnology.  The  latter  may  also  be 
called  the  result  of  a  life-long  inquiry.  The  ethnography  of  South 
America  has  been  in  an  unsatisfactory  condition,  and  the  first  thing  to 
do  was  to  sum  up  carefully  previous  knowle<lge.  This  Dr.  Brinton  has 
accomplished,  thus  paving  the  way  for  systematic  eflfort  in  the  future. 
Below  will  be  found  the  North  American  stocks  as  arranged  by  Major 
Powell,  followed  by  a.list  of  stocks  as  laid  down  by  Dr.  Brinton.  The 
two  form  a  continuous  series  from  one  end  of  the  continent  to  the  other, 
the  stocks  being  arranged  alphabetically  under  three  titles,  North 
America,  Middle  America,  South  America. 

NORTH    AMERICAN  STOCKS. 

Algonquian :  Of  the  North  Atlantic  seaboard  and  west  through  the  Northern  States, 
Lake  region,  and  Canada  to  the  Rocky  Mono  tains. 

Athapascan:  Of  the  iut^rior  of  British  America;  isolated  communities  on  the  Co- 
lumbia River,  Oregon,  California,  Arizona,  and  New  Mexico. 
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Attacapan :  Area  on  Texas  coast. 

Beothukan:  Portion  of  Newfoundland. 

Caddoan:  Of  northern  Nebraska,  western  Arkansas,  southern  Indian  Territory, 
western  Louisiana,  and  northern  Texas. 

Chiniakaan :  Of  part  of  the  southern  shore  of  Paget  Sound. 

Chimarikan :  On  Now  and  Trinity  rivers,  Northern  California. 

Chimmesyan.  The  region  of  Nasse  and  Skeena  rivers,  west  coast  of  British  Colum- 
bia. 

Chinookau :  Banks  of  the  Columbia  River  as  far  up  as  The  Dalies. 

Chitimachan :  About  Lake  Barataria,  southern  Louisiana. 

Chumashan :  Coast  of  California  from  about  the  thirty-fourth  parallel  to  a  little  north 
of  the  thirty-fifth. 

Coahuiltecan :  Of  southwestern  Texas  and  northeastern  Mexico. 

Oopehau :  West  of  the  Sacramento  as  far  north  as  Mount  Shasta,  California. 

Costanoan :  Coast  of  California  from  the  Golden  Gate  south  to  Monterey  Bay. 

Eskimauan :  East  and  west  coasts  of  Greenland ;  coast  of  Labrador  as  far  south  as 
Hamilton  Inlet;  and  the  Arctic  coast  westward,  including  part  of  the  shore  of 
Hudson  Bay,  to  western  Alaska,  including  the  Aleutian  Islands. 

Esselenian:  Coast  of  California  from  Monterey  Bay  to  Santa  Lucia  Mountain. 

Iroquoin :  The  St.  Lawrence  River  region  north  of  Lake  Erie,  northern  Pennsylvania, 
State  of  New  York,  the  lower  Susquehanna  in  Pennsylvania  and  Maryland,  north- 
eastern North  Carolina,  southwestern  West  Virginia,  western  North  Carolina, 
and  most  of  Kentucky  and  Tennessee. 

Kalapooian :  Valley  of  the  Willamette  River,  Oregon. 

Karankawan:  Texas  coast  around  Matagorda  Bay. 

Keresan :  Upper  Rio  Grande,  and  on  the  Jemez  and  San  Jos^  rivers.  New  Mexico. 

Kiowan :  Upper  Arkansas  and  Purgatory  rivers,  Colorado. 

Kitunahan :  Cootenay  River  region,  mostly  in  British  Columbia. 

Kolusohan :  Northwest  coast  from  55^  to  60^  north  latitude. 

Kulanapan :  Russian  River  region,  and  California  coast  from  Bodega  Head  north  to 
about  latitude  39°  30'. 

Kusan :  Coast  of  middle  Oregon,  Coos  Bay  and  River,  and  at  the  mouth  of  Coquille 
River,  Oregon. 

Lntuamian:  Region  of  Klamath  Lakes  and  Sprague  River,  Oregon. 

Mariposan :  Interior  of  California,  east  of  the  coast  range,  and  south  of  Tulare  Lake 
in  a  narrow  strip  t«  below  Tulare  Lake,  north  as  far  as  the  Fresno  River. 

Moquelumnan:  Interior  of  California,  bounded  on  the  north  by  the  Cosuranes  River, 
on  the  south  by  the  Fresno,  on  the  east  by  the  Sierras,  and  on  the  west  by  the 
San  Joaquin ;  an  area  north  of  San  Francisco  and  San  Pablo  Bays  as  far  as  Bodega 
Head  and  the  headwaters  of  the  Russian  River. 

Mnskhogean :  The  Gulf  States  from  the  Savannah  River,  and  the  Atlantic  west  to 
the  Mississippi,  and  from  the  Gulf  to  the  Tennessee  River. 

Natchesan :  On  St.  Catherine  Creek,  near  the  site  of  the  present  city  of  Natchez. 

Palaihnihan :  Drainage  of  Pit  River  in  northeastern  California. 

Piman :  On  the  Gila  River,  about  160  miles  from  its  month,  and  on  the  San  Pedro 
in  Arizona,  and  in  Mexico  on  the  Gulf  of  California. 

Pejunan:  California;  east  bank  of  tKe  Sacramento,  about  100  miles  from  its  mouth, 
north  to  Pit  River,  eastward  nearly  to  the  borders  of  the  State. 

Quoratean :  Lower  Klamath  River,  Oregon,  from  Happy  Camp  to  the  junction  of  the 
Trinity  and  Salmon  River  valley. 

Salinan:  Region  around  the  San  Antonio  and  San  Miguel  missions,  California. 

Salishan:  Northwestern  part  of  Washington,  including  Puget  Sound;  eastern  Van- 
couver Island  to  about  midway  its  length ;  coast  of  British  Columbia  to  Bute 
Inlet;  and  the  region  of  Bentiuck  Arm  and  Dean  Inlet. 

ig^^stean:  Middle  Klamath  River,  northern  California. 
H.  Mis.  334,  pt.  1 ^29 
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Shahuptian:  Upper  (Columbia  River,  and  its  tributaries  in  northern  Oregon  and 

Idaho  and  southern  Washington. 
Shoshonean :  Occupying  generally  the  Great  Interior  Basin  of  the  United  States,  as 

far  as  the  Plains,  and  reaching  the  Pacific  in  Los  Angeles,  San  Bernardino,  and 

San  Diego  countien,  California. 
Siouan:  The  Dakotas,  parts  of  Minnesota,  Wisconsin,  Iowa,  Nebraska,  Kansas,  Mia- 

souri,  Arkansas,  Indian  Territory,  with  isolated  colonies  in  Alabama  (Biloxi), 

the  Carolinas  (Catawba),  and  borders  of  Virginia  and  North  Carolina  (Tutelo). 
Skittagetan :  Queen  Charlotte  Islands,  Forester  Island,  and  southeastern  part  of 

Prince  of  Wales  Island. 
Takilman :  Oregon  coast  about  the  lower  Rogue  River. 
Tanoan :  Rio  Grande  and  tributary  valleys,  from  about  3(P  to  about  36^  30'. 
Timnqnanan :  Florida. 
Tonikan :  Lower  Yazoo  River,  Mississippi. 
Tonkawan :  Western  and  southwestern  parts  of  Texas. 
Uchean :  Lower  Savannah  River  and  perhaps  the  South  Carolina  coast. 
Waiilatpuan :  Lower  Walla  Walla  River,  Oregon,  and  about  mounts  Hood  and  Jef- 
ferson. 
Wakashan :  West  coast  of  Vancouver  Island  and  northwest  tip  of  Washington. 
Washoan :  Enstem  base  of  the  Sien-tos,  south  of  Reno,  Nevada,  to  the  lower  end  of 

Carson  Valley. 
Weitspekan:  Lower  Klamath  River,  Oregon,  from  the  month  of  the  Trinity. 
Wishoskan:  Coast  of  California  from  just  below  the  mouth  of  Eel  River  to  a  little 

north  of  Mad  River. 
Yakonan:  Along  the  lower  Yaqniua,  Alsea,  Siuslaw,  and  Umpqua  rivers,  Oregon. 
Yanan :  Chiefly  in  the  southern  part  of  Shasta  County,  California. 
Yukian :  Round  Valley,  California  and  west  to  the  coast. 
Yuman :  Lower  California ;  the  Colorado  from  its  mouth  to  Cataract  Creek ;  the 

Gila  and  tributaries  as  far  east  as  the  Tonto  Basin,  Arizona. 
Zuflian :  A  small  area  on  Zuni  River,  western  New  Mexico. 

MIDDLE   AMERICAN   8TOCK8. 

Aztecan :  Slope  of  the  Pacific  coast  from  about  the  Rio  del  Fuerte,  in  Sinalop,  N.  la^i 
26°  to  the  frontiers  of  Guatemala,  except  a  portion  of  the  isthmus  of  Tehnantepec, 
Dr.  Brinton  makes  this  a  branch  of  the  Ute-Aztecan  stock  under  the  name  of 
Nahualtecan. 

Chapanee:  Chiapas,  Mexico. 

Chinantec:  Oaxaca,  on  the  frontiers  of  the  province  of  Vera  Cruz. 

Guatuso :  Upper  waters  of  Rio  Trio,  Nicaragua. 

Huave:  Isthmus  of  Tehuantepec,  on  the  Pacific  Ocean. 

Lenca:  Central  Honduras. 

Matagalpan:  Nicaragua,  in  and  around  the  department  of  Matagalpa,  Segovia,  and 
Choulales. 

Maya:  Yucatan,  Guatemala,  and  Tabasco. 

Otomi :  States  of  Qneretaro  and  Guanajuato,  Mexico,  from  the  valley  of  Mexico  to  the 

on  the  east  thf\ 


id  Oaxaca. 
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SOUTH  AMERICAN   8TCICKH. 

Aliculiif :  Terra  del  Fuego. 

Araua :  Ou  the  Jnrua,  Madeira,  and  Parus  rivers,  Brazil. 

Arawak :  Most  widely  disseminated.    From  head  waters  of  the  Paraguay  River,  along 

the  highlands  of  southern  Bolivia  to  the  Goajiros  Peninsula,  and  thence  \o  in- 
clude all  the  Antilles,  both  Greater  and  Lesser. 
Atacamuian:  About  20°  to  23°  south  in  the  vicinity  of  Atacama,  west  coast. 
Aucanian:  Both  sides  of  the  Andes,  in  Chili,  and  on  the  Pampas. 
Aymara :  Peru  and  Bolivia,  about  Lake  Titicaca. 
Barbaeoa :  Colombia,  about  1°  and  2^  north  latitude. 
Betoya:  Foot  of  the  mountains  of  Bogota,  in  Orinoco  drainage. 
Canichana :  On  the  river  Mamore  between  13°  and  14°,  Bolivian  highlands. 
Car%ja:  Affluents  of  the  Araguay,  province  of  Goyas,  southern  Brazil. 
Carib :  Lesser  Antilles,  Caribby  Island,  and  mainland  of  South  America  from  mouth 

of  Fssequibo  River  to  the  Gulf  of  Maracaibo. 
Catamarena:  Gran  Chaoo,  Catamarca. 

Chauguina,  or  Dorasque  tribes :  Isthmus  of  Panama,  on  river  Pnan. 
Charrua :  Gran  Chaco  plains,  stretching  from  the  banks  of  the  Parana  to  the  sea-coast. 
Chibcha :  In  both  directions  from  the  Isthmus  of  Panama,  specially  throughout  New 

Granada  (Colombia). 
Chiqnito :  Bolivian  highlands,  between  16°  and  18°  south. 
Choco :  Isthmus  of  Panama,  eastern  shore  of  the  Gulf  of  Uraba,  and  much  of  the 

lower  valley  of  the  Atrato. 
Churoya:  Orinoco  basin,  above  the  falls  of  the  Guaviare,  and  along  the  Rio  (inijnr 

and  the  Meta. 
Cocanuca :  Southern  Colombia. 

Cuna:  Isthmus  of  Panama  from  Gulf  of  Uraba  to  the  river  Charres  on  the  west. 
Guaycuru :  Gran  Chaco,  on  the  Paraguay  and  the  Pilcomayo  rivers. 
Jivaros:  On  the  mountain  slopes  of  the  Cordillera,  on  the  Marafion  River,  Brazil. 
Kechua:  Spoken  by  an  unbroken  chain  of  tribes  for  nearly  2,000  miles  from  3°  north 

to  32°  south  on  the  western  border  of  South  America,  chiefly  in  Peru. 
Lama :  On  the  river  Javary,  Brazil. 
Lule:  Vermojo  and  Pilcomayo  rivers,  Gran  Chaco. 

Maina :  Upper  Marafion,  Brazil,  and  in  the  uplands  around  Cerros  de  Mamas. 
Mataco:  Vermejo  River,  Gran  Chaco. 

Mocoa :  Columbia,  between  1°  and  2°  north,  along  Rio  de  los  Engafios  or  Yari. 
Mosetena:  Bolivian  highlands,  on  the  banks  of  the  Mamore  and  Chavari  rivers, 
Ond :  Terra  del  Fuego. 

Paniquita:  Columbia,  north  and  west  of  the  Chibehas. 
Paud:   Upper  Ucayale  River,  Peru. 
Payagua :  Paraguay  River,  Gran  Chaco. 
Peba :  Javary  River,  Brazil. 

Puquina:  On  the  islands  and  shores  of  L.  Titicaca. 

Samuca :  On  the  northern  border  of  the  Gran  Chaco,  between  18°  and  20°  south. 
Tacana:  Bolivian  highlands,  ou  the  banks  of  the  rivers  Mamore  and  Chavari. 
Timote:  Venezuela,  Merida,  south  of  the  plains  in  the  interior  from  Lake  Maracaibo. 
Tupi :  Along  the  seaboard  from  the  month  of  the  La  Plata  to  the  Amazon  and  far  up 

the  streams  of  the  latter. 
Tapuya:  Most  ancient  and  extensive  now  living  in  Brazil.    From  5°-20°  south,  aut^ 

from  the  Atlantic  to  the  Xinger  River. 
Tzonecau:  Patagmia.    The  Patagonians  call  themselves  Chonek,  or  Tzoneca,  or 

Inaken. 
Yahgan :  Tierre  del  Fuego. 

Yunca:  Peru,  near  the  sea,  between  5°  and  10°  south. 
Yurncari:  Bolivian  highlands,  on  the  banks  of  the  Mamore  and  Chavari. 
Zaparo:  One  of  the  most  extended  stocks  in  the  upper  valley  of  the  Amazon. 
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The  Hemenway  Sonthwestern  Archaeological  and  Ethnological  ex- 
pedition began  to  bear  fruit  in  the  pablication  of  a  ^^  Journal  of  Ameri- 
can Ethnology  and  Archceology^^  edited  by  J.  Walter  Fewkes,  con- 
ductor of  the  expedition.  This  will  be  followed  by  other  volumes, 
putting  on  permanent  record  the  results  of  Mrs.  Hemenway^s  liberality 
during  a  series  of  years  in  sustaining  the  researches  of  Gushing  and 
Baudelier,  and  subsequently  of  Mr.  Fewkes.  The  first  volume  relates 
especially  to  Zuni. 

An  ethnographic  contribution  not  to  be  ignored  is  a  series  of  papers 
by  Dr.  Ernst^  of  Caracas^  Venezuela,  on  the  aborigines  of  that  repub- 
lic, published  in  the  Boletin  del  Ministerio  de  Ohras  Publicas.  In  the 
same  journal  Dr.  G.  Marcano  contributes  a  series  of  papers  on  the  pre- 
Columbian  ethnography  of  Venezuela. 

The  publishers  of  our  latest  encyclopiedias,  such  as  Johnson's, 
Chambers's,  Stanford's,  Cassell's,  etc.,  have  earned  the  gratitude  of 
ethnologists  by  employing  men  of  acknowledged  ability  to  prepare  the 
descriptive  articles  on  tribes  and  peoples.  The  geographic  societies 
also  have  borne  a  conspicuous  part  in  collecting  and  preserving  data 
for  future  compilations  regarding  ethnology.  Especially  useful  in 
these  studies  are  the  Journal  of  the  Anthropological  Institute  of  Lon- 
don, I? Anthropologic  of  Paris,  and  the  Zettschrift  and  Verhandlungen 
of  the  Berlin  Anthropological  Society. 

LANGUAGE. 

In  his  lecture  entitled  '*Du  cri  a  la  parole,"  delivered  in  I'Ecole 
d'Authropologie  de  Paris,  and  published  in  the  first  number  of  the 
Bevue  MensuellCy  the  following  conclusions  are  reached  by  the  speaker: 
Animalsarealready  in  possession  of  two  distinctive  elements  of  lan- 
guage: (1)  the  spontaneous,  reflex  cry  of  emotion  and  of  want,  and  (2) 
the  intentional  cry  of  advertisement,  menace,  or  appeal.  Prom  these 
two  sorts  of  sounds  man,  endowed  with  a  vocal  apparatus  still  more 
perfect  and  cerebral  faculties  less  limited,  has  created  a  great  number 
of  variants  by  means  of  prolongation,  reduplication,  and  intonation. 
The  cry  of  appeal  is  the  germ  of  demonstrative  roots  prelude  to  pro- 
nouns, names  of  number,  sex,  and  distance;  the  emotional  cry,  of  which 
our  interjections  are  only  the  debris,  combining  with  the  demonstratives, 
prepare  the  outlines  of  the  proposition  and  form  the  verb  and  the  noun 
of  action  and  of  state.  Imitation,  direct  or  symbolical  (necessarily 
only  approximative)  of  the  noises  of  surrounding  nature,  in  a  word, 
onomatopoeia,  furnishes  the  elements  of  attributive  roots  out  of  which 
are  to  grow  names  of  objects,  special  verbs,  and  their  derivatives. 
Analogy  and  metaphor  complete  the  vocabulary  in  applying  to  phe- 
nomena of  touch,  sight,  odor,  and  taste  qualificatives  derived  by 
onomatopoeia.  Then  comes  reason,  which  eliminating  the  greater  part 
of  these  inconvenient  riches,  adopts  a  greater  or  less  number  of  sounds 
already  reduced  to  one  vague  and  generic  sound.    Then  by  derivation. 
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suffixing,  composition,  it  cauHes  to  spring  out  of  these  root-sounds 
indefinite  lines  of  words,  wliich  are  of  all  degrees  of  relationship  among 
themselves,  which  grammar  proceeds  to  distribute  into  categories, 
called  parts  of  speech.  It  can  be  shown  how  the  grammatical  forms, 
casual  and  personal  terminations,  shades  of  conjugation  are  produced 
by  atrophy  of  syllables  affixed  or  suffixed  to  the  radical  syllable.  A 
certain  part  of  the  development  of  language  is  also  due  to  a  sort  of 
blind  force,  to  nature,  as  we  say,  and  part  to  intelligence,  either  indi- 
vidual or  collective.  The  constitution  of  grammar  detaches  linguistics 
from  zoology  properly  so  called  and  brings  it  within  the  area  of  history. 
But  this  historic  area  cannot  in  any  manner  be  shut  off  from  anthro- 
pology, for  it  is  only  an  appendix  to  natural  history. 

Dr.  Dorsey's  volume  on  the  Cegiha  language,  though  bearing  date 
1890,  did  not  appear  until  late  in  1891.  Furthermore,  although  it  is 
entitled  *^  The  Cegiha  Language,"  the  work  is  devoted  especially  to 
myths,  stories,  and  letters,  and  gives,  with  text,  interlinear  translation, 
and  free  rendering,  nearly  two  hundred  and  fifty  separate  literary  pro- 
ductions. This  embraces  the  work  of  many  years,  and  will  furnish  to 
the  folklorist,  as  well  as  to  the  philologist,  ample  material  for  study  and 
ex)mparison.  The  Cegiha  language,  as  used  in  the  volume,  refers  to  the 
speech  of  the  Omaha  and  Ponka  tribes  of  the  Siouan  linguistic  family. 
The  author's  researches  began  among  the  Cegiha  in  1871,  and  have 
been  carried  on  unremittingly  ever  since.  During  the  last  twelve  years 
he  has  been  connected  with  the  Bureau  of  Ethnology  in  Washington, 
where  his  opportunities  for  study  have  been  unlimited.  Special  atten- 
tion is  also  called  to  Filling's  bibliography  of  the  Algonkian,  Gatschet's 
Klamath,  and  Eiggs's  Dakota  dictionary. 

The  Semitic  department  of  Harvard  University,  in  addition  to  the 
linguistic  courses  in  Hebrew,  Aramaic,  Assyrian,  Ethiopic,  Arabic, 
and  Phoenician,  has  established  Semitic  conferences,  a  Semitic  library, 
a  series  of  prizes  for  the  encouragement  of  Semitic  studies,  and  a  course 
of  lectures  on  studies  allied  to  the  department.  Most  significant  in 
this  connection  is  the  establishment  of  a  Semitic  museum,  through  the 
generosity  of  Mr.  Jacob  H.  Schiff.  Here  already  are  assembled  many 
originals,  casts,  manuscripts,  coins,  and  i)hotographs,  illustrating  the 
writing  and  the  history  of  Babylon,  Assyria,  Phcenicia,  Palestine, 
Arabia,  and  other  Semitic  lands.  The  generous  donor  has  also  pro- 
vided means  of  enlarging  the  collection. 

TECHNOLOGY. 

In  his  course  of  lectures  on  prehistoric  industries  M.  Adrien  de  Mor- 
tillet  makes  this  neat  classification  of  tools: 

/.   Cutting  tooU, 

.^..   „,     „^„    .„  (The  knife,  scissors,  or  shears. 

AcUng  by  pn^Hure ^Ih®  *"iwing  ^°if« 

▲  «.«<.,»  i»,r  «  M««,  >The  ax  or  hatchet,  the  ad«e. 

Acting  by  a  blow h'h*' chisel  or  gouge. 

Acting  by  friction The  saw. 
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//*   Hasping  tooU, 

(The  Rci'aper  (tacloir  et  grattoir). 

Acting  by  prei»8uJ«  and  by  friction ^  -jThe  rasp  and  the  file. 

(Polisheifs.  whetatotiefi,  burniaherH;  andAmoothih|;toolft. 

111.  Striking  and  dashing  iooU. 

Acting  by  a  blow The  hammer. 

Acting  by  pr^ure  .nd  by  friction lH35!db."-,*JiIi:rmU*'  "" 

IV,  Perforating  tooU. 

Acting  by  a  blow The  pick-ax. 

A   ♦*»    1.      -«  -  — „   «j  1.    r^t^it^^  SBodkins,  awla,  piercers,  gimletn,  angers,  etc. 

Acting  by  pressure  and  by  friction >Drill,  borers,  »      #^      . 

An  excellent  example  of  tbe  profit  to  be  derived  from  the  care  and 
publication  of  the  material  of  the  older  explorers  is  Mr.  Charles  H. 
Eead's  paper  on  the  collection  of  ethnographical  specimens  found 
during  Vancouver's  voyage,  1790-1795,  plate  xi,  in  vol.  xxi,  Journal 
of  the  Anthropological  Institute,  This  plate  shows  a  Mexican  atlatl, 
or  throwing  stick,  but  very  short,  from  Lower  California,  to  be  held  in 
either  hand,  as  distinguished  from  the  Alaskan  specimens  made  for 
either  hand.    The  bows  are  from  Oregon  or  Washington. 

The  curator  of  the  department  of  ethnology  in  the  U.  S.  National 
Museum  has  instituted  and  encouraged  a  series  of  experiments  so  as 
to  reproduce  with  facility  all  savage  arts.  In  the  American  Anthro- 
pologist, with  the  collaboration  of  several  other  members  of  the  society, 
the  entire  technique  of  the  arrow  is  worked  out.  The  same  process 
has  been  followed  with  fire-making,  bow-making,  basketry,  and  the 
manufacture  of  stone  implements,  by  Messrs.  Hough,  Murdoch,  and 
M(;Guire.  Mr.  Holmes's  papers  on  so-called  paleolithic  implements 
should  be  here  included.  It  is  held  that  in  this  way  alone  can  modern 
ethnology  be  made  to  offer  true  explanations  of  the  mode  of  life  among 
ancient  primitive  peoples. 

A  model  description  of  an  art  is  Mr.  Thomas  Wardle's  paper  in  the 
Journal  of  the  Society  of  Arts  on  the  Tussur  silk  of  India  and  China. 
It  is  difficult  to  say  whether  in  the  natural  history  of  the  moths,  the 
elaboration  of  the  art,  or  the  description  of  the  native  silk  culturist  the 
author  is  most  happy.  Not  only  the  Indian  moths  are  described  but 
an  extended  list  of  silk-producing  lepidoptera  is  brought  to  the  pres- 
ent date.  The  methods  of  treatment  by  extremely  simple  native  proc- 
esses is  furnished,  along  with  European  treatment.  The  ethnologist 
will  be  charmed  with  the  account  given  of  the  Santals. 

M.  Philippe  Salmon  has  constructed  an  elaborate  table  of  the  sub- 
divisions of  the  neolitliic  period  of  the  St(me  Age,  especially  in  France 
(Rev.  Mens,  de  Tficole  d'Anthroi)ologie,  Paris  i,  26),  dividing  it  into 
(1)  Carnacean(Carnac,  Morbihan);  (2)  Chasseo-Robenhausian  (Chassy 
andRobenhausen);  and  (3)  Champignienne(Champigny).  The  finesse 
of  this  division  is  too  great  for  repetition  here  and  one  wonders  whether 
the  lines  of  demarcation  will  not  disappear  with  further  exploration. 
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A  much  more  asefal  analysis  of  the  palieo-ethnic  period  in  Europe  is 
that  of  M.  G.  de  Mortillet  in  Revue  Menstielle,  given  below: 


Classification  palethnoloffique  by  (i,  dc  Mortillet. 


TempH. 


ActuelH. 


Ages. 

VixioAm. 

l^poques. 

i 

M^roviiigieuite. 

Wab^nienne. 
1  Franquo.— Burgondp. 
,  Germanique. 

■e 
1 

du  Fer. 

!  Romaine. 

j  CbampdolieDue. 
D^radenco  Romaiue. 

i  Lugdunienno. 

j  Bijau  tf^mps  Romaiii. 

i 

s 
c 

1 

I 

rtn  Uroiizo. 

(lalatieune. 
1  Etmsquo. 

Doheniienue. 

1  MarnieQOP. 
'  Gauloise. 
3»  LacQstre. 

j  HalUtattienDe. 
Dos  Tumulus. 
l'«daFer. 

Laraaudionno. 

2'  Lacustre,  rnajeuj^  iwrtie. 

Morgiennc. 

2«  Lacustre,  partie. 

1  Nt'-ollthlquo. 
Pltrre  polie. 

Robcnhauaieu  ue . 
Des  Dolmens. 
V*  Lacustre. 

(-ampignieDne. 

Des  KJoekkenmoeddingr*. 

i     : 

r 

Ma^daK^iiionui'. 
Dea  Caverues,  migeure  partio. 
!  Du  Renue,  pre«que  iotaMtA. 

9 


•Sd, 


1 

1 



a 

Solutr<'*eune. 

M 

1 

11 

1 

Du  Renne  et  du  Mammouth,  partio. 
Mencherouricnue. 

-r 

1 
df  la  Pierre. 

Pal^olithlque. 
Pierre  taiU^c. 

MouHterieiiDe. 
;  Du  Grand  Ourn  dew  cavernei*. 

'  Aclieuleenne. 

Ter-       I 
f  aires.     .Bf 

O 


Fxilithique. 


{  Du  Mammontli,  partie. 
,  l)v  y  Ele2tha$  antiquus,  tin. 

Chcll6enne. 

Puycournienne. 
Mio<-<^no  Huperlenr. 

I  TIienaiHienne. 
I  Miocene  infi'-rieur. 
Oligoc^ne, 
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A  remarkable  series  of  lucky  Huds  were  made  on  the  Hopewell  farm, 
near  Chillicotbe,  Boss  County,  Ohio,  by  Mr.  Warren  K.  Moorhead,  di- 
rector of  the  World's  Fair  arclueological  exjjedition  at  that  point.  Not 
only  were  new  forms  of  objects  discovered,  but  old  forms  were  collected 
by  thousands.  The  exciting  part  of  the  exploration  was  the  finding 
of  hundreds  of  copper  objects,  many  of  them  of  such  uniform  thinness 
as  to  raise  the  question  of  their  European  origin. 

The  Drexel  Institute,  founded  in  Philadelphia  by  the  liberality  of  Mr. 
Anthony  J.  Drexel,  will  be  devoted  to  the  encouragement  of  technical 
industries.  The  museum  will  be  administered  on  the  plan  of  South 
Kensington. 

Before  the  Tennessee  Historical  Society  the  Hon.  Gates  P.  Thurston 
delivered  a  short  course  of  lectures  on  the  archaeology  of  Tennessee* 

SOCIOLOGY. 

Economic  science  as  a  branch  of  sociology  is  the  all-absorbing  study 
of  the  time.  There  is  not  space  to  enumerate  the  separate  books  and 
papers  on  this  subject,  but  every  reader  should  know  the  general  re- 
sources of  the  study.  Section  F,  British  Association,  Economic  Sci- 
ence and  Statistics  List  of  Papers,  p.  xix. 

Among  the  political  leaders  of  France,  as  well  as  in  the  Soci^t6 
d' Anthropologic,  no  other  question  seems  to  be  of  such  importance  as 
that  of  the  decrease  in  natality  throughout  the  Eepublic.  M.  Chervin 
sums  up  the  results  of  an  inquiry  in  the  department  of  Loir-et-Garonne 
in  the  Bulletin  de  la  SociiU  WAnthropologie  (4  ser.,  ii,  42-78).  There 
results  the  demonstration  that  in  this  rich  department  it  is  the  most 
wealthy  that  have  the  smallest  number  of  children,  and  in  the  most 
thriving  part  of  the  department  the  average  of  children  to  a  family  is 
one.  Among  the  causes  of  this  paucity  M.  Chervin  finds  that  the  well- 
to-do  peasant  and  farmer  wills  it  to  be  so,  and  he  believes  that  no  leg- 
islation will  effect  a  radical  change.  Believing  that  quality  and  that 
early  deaths  become  a  potent  factor  in  the  decline  of  population,  to  M. 
Chervin  the  saving  and  perfecting  of  lives  already  created  is  the  feasi- 
ble method  of  strengthening  the  population.  Assistance  and  hygiene 
are  the  practical  methods  of  relief. 

M.  Bertillon  (id,^  366-385),  regarding  the  terrible  dangers  to  which 
the  phenomenally  low  natality  in  France  exposes  her,  and  believing 
that  the  evils  of  alcoholism,  tobacco,  and  syphilis  have  only  a  subsidiary 
influence,  makes  the  following  statement:  "That  which  renders  the 
natality  of  France  so  feeble  is  the  voluntary  sterility  of  families  hav- 
ing some  property.  Such  families  are  exceptionally  numerous  in 
France.  They  know  that  the  sure  way  to  keep  their  property  is  to 
have  only  one  child,  and  a  sure  way  to  lose  it  is  to  have  more  than  two. 
One  way,  therefore,  to  save  France  is  to  remove  the  cause  of  feeble  na- 
tality and  to  make  it  more  desirable  in  the  way  of  relief  from  taxation 
and  increased  security  of  property  to  have  three  children  than  one."    In 
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the  older  settlements  of  our  own  country  attention  has  frequently  been 
called  to  the  decline  in  the  number  of  large  families. 

Dr.  Robert  Fletcher  has  brought  together,  in  his  atldress  before  the 
Anthropological  Society  of  Washington  as  retiring  president,  the  re- 
sults of  a  careful  study  of  the  new  school  of  criminal  anthropology. 
By  criminal  anthropology  is  meant  the  study  of  the  being  who,  in 
consequence  of  physical  conformation,  hereditary  taint,  or  surround- 
ings of  vice,  i>overty,  and  ill  example,  yields  to  temptation  and  begins 
a  career  of  crime.  It  is  to  study  the  anatomy,  the  physiology,  the 
hygiene  of  the  criminal,  his  productivity,  his  capability  of  amend- 
ment, to  examine  into  his  condition,  and  to  recognize  his  rights. 

An  indispensable  work  to  students  of  the  history  of  human  marriage 
is  Edward  Westermarck's  work,  published  by  Macmillan.  The  author, 
it  is  true,  is  at  issue  with  almost  every  school  of  anthropology,  and  for 
that  reason  presents  the  subject  from  a  new  point  of  view,  but  he  has 
brought  together  a  va«t  amount  of  material,  and  his  list  of  authorities 
quoted  amounts  to  a  full  bibliography. 

The  pedagogic  problem  has  been  taken  up  from  the  side  of  anthro- 
pology. President  G.  Stanley  Hall,  of  Clark  University,  Worcester, 
Mass.,  has  established  a  new  journal,  entitled  "  The  Pedagogical  Sem- 
inary,^  as  an  international  record  of  educaticmal  literature,  institutions, 
and  progress.  The  second  number  of  vol.  i,  is  devoted  largely  to 
children  and  adolescents,  and  deserves  that  the  contents  be  given 
bodily: 

Editorial.    G.  Stanley  Hall. 

Notes  on  the  study  of  iofants.    G.  Stanley  Hall. 

Contents  of  children's  minds  on  entering  school.     Id. 

The  moral  and  religious  training  of  children  and  adoloscents.     Jd 

Childrens'  lies.    Id. 

The  study  of  adolescence.    Mrs.  H.  Burnham. 

Observations  of  children  at  the  Worcester  Normal  School.     Id. 

Anthropological  investigations  of  schools.    F.  Boas. 

Reviews  are  also  given  of  the  following: 

The  story  of  a  sand  pile.    By  G.  Stanley  Hall,  June,  1888. 

Boy  life  in  a  Massachusetts  town  a  quarter  of  a  century  ago.     Jd.     Proc.  Am.  Antiq. 
*  Soc,  1800,  p.  107-128. 
•  Rudimentary  society  among  boys.     By  John  JohnHon.    <  )verland  Monthly,  and  Johns 
Hopkins  Hist,  and  Polit.  studies,  1884. 

Observations  on  college  seniors.     By  A.  E.  Kirkpatrick.     Am.  J.  of  Psychol.,  1890, 
168  pp. 

Physical  training  in  American  colleges  and  universities.     By  E.  M.  Hartwell.     Cir- 
cular of  Information,  Bureau  of  Education,  No.  .5,  18K5,  18.3  pp. 

Physical  training  conference.     Id.     Boston,  1889,  p.  155. 

Physical  and  industrial  training  of  criminals.     By  H.  D.  W«\v.     Industrial  Educ. 
Assoc,  N.  Y.,  1888,  p.  50. 

Overpressure  in  the  high  schools  of  Denmark.     ByDr.  Hirtel.    London,  1885.    148  pp. 

The  growth  of  children.     By  H.  P.  Bowditch.   Eighth  An.  Rept.  Mass.  Bd.  of  Health, 
Boston,  1877;  also  Tenth  An.  Rept. 

Why  do  we  measure  mankind!    Francis  (Jalton.    Lippincott's,  February,  1890;  also 
the  reports  of  Mr.  Galton's  laboratory  work  and  measuring  apparatus. 

Cambridge  anthropometry.     By  John  Veron.    J.  Anthrop.  Inst.,  xviii,  140  pp. 
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An  anthropological  cabinet  for  pedagogic  purposeB.     Prof.  Sergi,  of  the  Uuiv.  of 

Rome.    Education,  Sept.,  1886. 
Mental  association  investigated  by  experiment.     By  Cattell  and  Bryant.     Mind,  xiv, 

230. 
The  children:  How  to  study  them.     By  Francis  Warner.     London,  1887.    80  pp. 
Experiments  in  testing  the  character  of  school  children.     By  Mrs.  Sophie  Bryant. 

J.  Anthrop.  Inst.,  xv,  338. 
Mental  imagery.    Francis  Galton.     Inquiries  into  human  faculty,  p.  83. 
Eye-mindedness  and  ear-mindedness.     By  Jos.  Jastrow.    Pop.  Sc.  Month.,  xxxiii,  p. 

597.  , 
A  study  in  mental  statistics.    Jos.  Jastrow. 
Replies  by  teachers  to  questions  respecting  mental  fatigue.     Francis  Galton.    J. 

Anthrop.  Inst.,  1888,  p.  157. 
On  the  principle  and  methods  of  assigning  marks  for  bodily  inefficiency.     F.  Galton, 

Nature,  Oct.  3,  1889. 
IJeber  Schulwanderungen.    O.  Lomberg.    Elberfeld,  1887. 
Notes  on  studies  of  the  language  of  children.     By  £.  C.  Sauford. 
Die  Stipendein  und  Stlftungen,  Convicts,  Freitische,  etc.,  in  alien  Universitaten 

des  deutschen  Reichs.    Dr.  Max  Baumgart.    Berlin,  1885,  p.  760. 
Grundsatze  und  Bedingungen  der  Ertheilung  der  Doctorwurde,  etc.    Baumgart, 

Berlin,  1888,  328  pp. 
Die  Reform  der  Doktorpromotion.    Max  Oberbreyer,  Eisenach,  p.  155. 
Allgemeiner  deutschen  Hochschulen.    R.  Kukula.    Wien,  1888,  1,000  pp. 
Lehrbuch  der  Erziehuug  und  Unterrichts  mit  besonderer  Berilchsichtigung  der 

psychologischen  Grundlagen,  etc.     F.  Deutz.     Karlsruhe,  i  in  1887,  xi  in  1890. 
Gesinnungsunterricht  und  Kulturgeschichte,  E.  von  Sallwurk,  Laugensalza.     Beyer 

&  Sohne,  Die  padogogische  Pathologic  oder  die  Lehre  von  den  Fehlem  der 

Kinder.     L.  Strnmpell.     Leipzig,  1890,  vi  225  pp. 
Die  Erziehungschule  nach  psychologischen  Grundsatzen,  E.  Doring. 
Conference  sur  Tenseignement,  F.  Horridge,  1890;  La  Science  de  I'euseignement ;  irf., 

1888,  Paris,  A.  Rousseau ;  L'Enseignement  commercial  et  les  <^coles  de  commerce 

en  France  et  dans  le  Monde  entier.     E.  Leautey,  Paris,  1786,  774  pp. 
Un  lyc6e  sous  la  troisi^me  R^publique,  P.  Verdun.     Paris,  1889,  E.  Dentur,  462  pp. 
Manual  training  in  France,  A.  Salicis,  N.  York,  1890. 

Report  of  the  Indian  Education  Commission,  Calcutta,  1882,  Gov.  Print.,  639  pp. 
History  of  indigenous  education  in  the  Panjaub  since  annexation  and  in  1882,  H, 

Leitner,  Calcutta,  1883. 
A  new  review  of  National  education,  H.  Biggs,  London,  1890, 117  pp. 
A  plea  for  pure  science,  H.  A.  Rowland,  Proc.  A.  A.  A.  S. 
Suggested  reform  in  Public  Schools,  C.  C.  Catterill,  Edinburgh,  1>'85, 178  pp. 
University  extension,  S.  T.  Skidraore,  Lippincott's  Mag.,  Oct.,  1890. 
Year  Book  of  learned  Societies  in  Great  Britain  and  Ireland,  London,  1885,  231  pp. 
La  decadenza  deir  Uuiversitii  Italiana,  T.  Martello,  Bologna,  1890,  138  pp. 
Das  Schulwesen  Italiens,  besonders  die  Realschulen  Italiens  im  Jahre  1878,  Max 

Strack,  Leipzig,  1878,  80  pp. 
Raccolta  completa  di  testi  di  legge,  decreti,  etc.,  Bruto  Amanto,  Roma,  1890,  470  pp. 
Statistica  dell'  Instruzione  sccondarie  snperiorc,  Roma,  1889. 
Stato  di  provisione  della  Spesa,  etc.,  Roma,  1887,  255  pp. 
Guida  de'  Comuni  e  de  Maestri  Bruto  Amante,  2d  ed.,  1890,  253  pp. 
L'Uuiversiti^  de  Bruxelles,  L.  Vanderkindere,  Bruxelles,  1884,  216  pp. 
Rapport  triennial  sur  T^tat  de  Tenseignement  moyen  en  Belgique,  Bruxelles,  1887, 

clxv  248  pp. ;  also,  L'Instrnction  Primaire,  ccxlix,  762  pp. 
Conseil  de  perfectionnement  de  I'instruction  primaire,  Bruxelles,  1883,  79  pp. 
Entwickelung  und  Gestaltung  des  bolgischen  Volksschulwc^ens  scit  1842,  M.  Lauer, 

Berlin,  1885, 194  pp. 

uaire  de  ITniversit^  Catholique  de  Lou  vain,  1890,  xcviii,  419  pp. 
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Miuist^re  de  Finstrtiction  publique;      Recneil  des  lois  et  arrSt^s  relatifs  4  Pen- 

seigaemeut  8up<^dour^  Btilxelles,  374  pp. ;  also  Aunnaire  statistique,  20th  >  ear, 

tweatj  volumes  (also  other  Belgian  documents  of  a  pedagogic  chataot«t)« 
L*Abeille.    Revne  p^dagogiquc,  etc.,  Rruxelles  (in  l89l,  S8fch  Volume). 
Annu^rio  de  la  Seccioii  de  Indtruccion  piibllca,  Santiago  de  Chile,  No.  112,  1890, 

381  pp. 
Congreso  nacioual  pedagujico,  Santiago  de  Chile,  1890,  274  pp.     Also  Memoria  del 

Miuistro  de  Justicia  e  Instruccion  publica.     7c.,  t<f.,  368  pp. 
Revista  de  Instruccion  priinaria,  Santiago  de  Chile,  170  pp.     (Also  other  public 

Chilean  documents). 
£tude  G<^.ographique,  statistique,  descriptive  et  liistorique  des  £tats  mexicains,  A. 

G.  Cubas,  Mexico,  1889,  411  pp. 
Pedagogicheskiy  Mozey  Voenno-uchebnnh  zavedney,  1888-90,  St.  Petersburg  (20th 

and  2l8t  Annual  Report  pedagog  Mus. )    Also  educational  maps  of  Russia. 
Verslag  van  den  Staat  dor  hooge,  middelbare  en  lagero  scholen  in  het  Koninkrijk 

der  Nederlanden,  over  1888-89,  's  Gravenhage,  1890,  458  pp. 
Anuario  Estaclistico  de  Instruccion  Piiblica,  1889.     Madrid,  1890,  409  pp. 
Memoria  presentada  al  Congreso  Nacional  de  1890.     By  D.  A.  Alorta,  Buenos  Ayres, 

1890.    3  vols. 
£1  Real  Colegio  de  San  Ignacio  de  Loyola,  Mexico,  1889,  244  pp.,  appendix,  130  p. 
Recherches  sur  les  mouvements  chez  quelques  jeunes  enfants,  Binet,  Rev.  Philos., 

Mass.,  1890.     La  perception  des  longeurs  et  des  nombres  chez  quelques  petits 

enfants ;  id,  Guillet. 
Perception  des  enfants,  id.,  d<^cembre. 

Ueber  Geistesstorungen  in  der  Schule,  Ch.  Ufer,  Wiesbaden,  1891. 
A  rejjort  on  the  examination  of  100  brains  of  feeble-minded  children.    A.  W.  Wil- 

marth,  Alienist  &  Neurologist,  Oct.,  1890. 
The  growth  of  children.     G.  W.  Peckham,  Milwaukee,  1881,  Wisconsin  Board  of 

Health. 
Foreign  miscellanies,  by  the  editor. 

FOLK-LORE,  MYTHOLOGY,  AND   HTEROLOGY. 

The  third  anDaal  meeting  Of  the  American  Folk-lore  Society  was 
held  at  the  Columbian  University,  Washington,  D.  C,  on  Tuesday  and 
Wednesday,  December  29  and  l^.  This  meeting  of  the  society  was  of 
especial  interest  on  account  of  the  co-operation  of  the  two  anthropolog- 
ical societies  of  W^asliington  in  giving  to  the  sessions  a  scientific  turn. 
The  papers  were  mostly  ui)on  American  aboriginal  lore.  The  organ 
of  the  society,  the  Journal  of  American  Folk-lorCj  edited  by  W.  W. 
Newell,  devotes  much  space  in  each  number  to  bibliography.  Branches 
of  the  American  Folk-lore  Society  are  the  Louisiana  Association  of 
the  American  Folk-lore  Society  and  the  Boston  Association  of  the 
American  Folk-lore  Society.  An  independent  organization  is  the  Chi- 
cago Folk-lore  Society,  and  there  is  also  a  folk-lore  section  of  the 
Museum  of  Archaeology  of  the  University  of  Pennsylvania. 

The  meeting  of  the  International  Folk-lore  Congress,  at  Burlington 
House,  London,  in  October,  and  the  third  annual  meeting  of  the  Amer- 
ican Folk-lore  Society  in  Washington  in  December,  were  important 
events  in  the  evolution  of  that  science.  Regarding  folk-lore  as  the 
archaeology  of  thought  and  custom,  the  presidents  of  both  gatherings 
dwelt  on  the  fact  that  the  mere  dilettante  collecting  stage  had  now 
been  passed  and  folk-lorists  were  engaged  in  a  serious  business. 
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The  science  of  folk-lore  has  been  very  much  strengthened  in  Ger- 
many by  the  founding  of  Zeitschrift  des  VereimfUr  Volkskundej  which 
is  a  new  branch  of  Lazarus  and  StanthaFs  Zeitschrift  fur  Volkerpsy- 
chologie  und  Sprachwissenschaft.  The  carefully  prepared  bibliography 
of  journals  and  other  works  relating  to  this  science  accompanying  each 
number  obviate  the  necessity  of  repeating  here  the  title  of  every  pax>er 
that  has  appeared  on  this  subject. 

The  friends  of  the  study  of  comparative  religion  conducted  in  the 
University  of  Pennsylvania  a  loan  collection  of  objects  used  in  reli- 
gious ceremonies,  including  charms  and  implements  used  in  divina- 
tion. The  basis  of  the  exhibition  was  a  collection  of  Oriental  idols 
of  the  Board  of  Foreign  Missions  of  the  Presbyterian  Church  of  the 
United  States.  This  is,  so  far  as  reported,  the  first  attempt  to  set  up  an 
exhibition  of  this  kind,  and  could  be  repeated  in  almost  every  city  of 
the  United  States  with  happy  results,  not  only  with  religious  objects, 
but  also  to  illustrate  any  class  of  anthropological  concepts. 

The  lectures  of  Count  Goblet  d'Alviella  on  the  origin  and  growth  of 
the  conception  of  God  as  illustrated  by  anthropology  and  history,  in 
the  Hibbert  Course  for  1891,  define  the  limits  within  which  the  study 
of  religion  may  be  considered  a  part  of  the  natural  history  of  man. 
In  these  summaries  the  subject  has  been  made  to  include  the  creeds 
and  cults  of  men  and  of  the  world.  From  the  side  of  the  spirit  world, 
the  study  has  been  called  daimonology,  but  this  term  is  entirely  too 
narrow.  Count  d'Alviella  employs  the  word  "hierography  "  as  includ- 
ing the  study  of  both  creeds  and  cult«.  The  elements  common  to  all 
organized  religions  are: 

(1)  The  belief  in  the  existence  of  superhuman  beings  who  intervene 
in  a  mysterious  manner  in  the  destinies  of  man  and  the  course  of  nature. 

(2)  Attempts  to  draw  near  to  these  beings  or  to  escape  from  them, 
to  forecast  the  object  of  their  intervention  and  the  form  it  will  take,  or 
to  modify  their  action  by  conciliation  or  compulsion. 

(3)  Eecourse  to  the  mediation  of  certain  individuals  supposed  to 
have  special  qualifications  for  success  in  such  attempts. 

(4)  The  placing  of  certain  customs  under  the  sanction  of  super- 
human powers. 

Primarily,  religion  is  defined  as  *Hhe  conception  man  forms  of  his 
relations  with  the  sui>erhuman  and  mysterious  powers  on  which  he 
believes  himself  to  dei)end."  Further  on  and  growing  out  of  this  con- 
ception are  "  the  iwts  which  man's  primitive  conception  of  superhuman 
beings  and  his  relation  with  them  lead  him  to  perform." 

Commencing  with  primitive  animism,  these  conceptions  have  arisen 

through  i)olydemonism  and  polytheism,  through  dualism  to  monotheism. 

The  outlook  in  this  author's  mind  is  most  cheering.    On  the  other  hand, 

the  teachings  of  the  l5cole  d'AuthrojKjlogie  are  to  the  effect  that  under 

^e  clear  light  of  science  all  religions  will  be  banished  from  the  world. 
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THE  MOUNDS  OF  THE  MISSISSIPPI  VALLEY,  HISTORICALLY 

CONSIDERED.* 


By  LuciEN  Cabr. 


lu  ii  paper  upon  the  Prehistoric  Remains  of  Kentucky,  published  in 
the  first  volume  of  these  memoirs,  I  have  expressed  the  opinion  that  it 
was  impossible  to  distinguish  between  a  series  of  stone  implements 
taken  from  the  moumds  in  the  Mississippi  Valley  and  a  similar  series 
made  and  used  by  the  modern  Indians.  In  fact,  so  alike  are  these . 
objects  in  conception  and  execution  that  any  attempt  to  distinguish 
them,  based  upon  form  or  finish,  must  be  but  the  merest  guesswork. 
From  the  rude  knife  to  the  carved  and  polished  "gorget"  they  may, 
one  and  all,  have  been  taken  from  the  inmost  recesses  of  a  mound  or 
picked  up  on  the  surface  amid  the  d6bris  of  a  recent  Indian  village, 
and  the  most  experienced  archaeologist,  if  called  upon  to  decide  as  to 
their  origin,  would  have  to  acknowledge  himself  at  fault.t  Nor  does 
this  similarity  stop  with  objects  made  of  stone.  On  the  contrary,  it  is 
believed  to  extend  to  all  the  articles,  of  every  kind  whatsoever,  that 
have  thus  far  been  taken  from  the  mounds.  Indeed,  I  might  even  go 
further,  and  as  the  result  of  some  years  of  work,  as  well  in  the  field  as 
in  the  library,  venture  the  assertion  that  not  only  has  there  not  as  yet 
been  anything  taken  from  the  mounds  indicating  a  higher  stage  of  de- 
velopment than  the  red  Indian  of  the  United  States  is  known  to  have 
reached,  but  that  even  the  mounds  themselves,  and  under  this  head 
are  included  all  the  earthworks  of  the  Mississippi  Valley,  were  quite 
within  the  limits  of  his  efforts. 

This  conclusion,  together  with  its  corollary  as  to  the  origin  of  these 
structures,  is  neither  new  nor  original;  and  yet,  in  spite  of  the  simple 
explanation  it  gives  of  the  mound  question,  or,  perhaps,  it  might  be 
more  correct  to  say  on  account  of  this  very  simplicity,  it  has  made  its 
way  but  slowly.    It  seems  difficult  to  account  for  this  fact  except  on 


*  Memoirs  of  the  Kentucky  Geological  Survey ^  vol.  ii,  1883 ;  N.  S.  Staler,  Director. 

t Compare  Schoolcraft's  Indian  Tribes  of  the  United  States^  vol.  iv,  p.  141.  Brin- 
ton,  Floridian  Peninsula,  p.  176 :  Philadelphia,  1859.  M.  F.  Force,  Some  Considerations 
on  the  Mound-huilderSy  p,  72:  Cincinnati,  1873.  S.  F.  Haven,  in  vol.  viii  of  the 
Smithsonian  Contributions  to  Knovoledgey  p.  158.    Lapham,  iu  vol.  vii  of  same,p.  30. 
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the  ground  that  those  who  have  written  upon  this  subject,  and  who 
have,  to  a  certain  extent,  molded  public  opinion,  have  approached  it 
from  one  side  only.  They  have  usually  belonged  to  the  class  of  prac- 
tical explorers,  and  have  brought  to  the  investigation  a  certain  number 
of  facts,  chiefly  cumulative  in  characterj  bat  tbey  have  not,  as  a  rule, 
been  possessed  of  that  measure  of  historical  information  which  is  nec- 
essary to  a  correct  interpretation  of  these  facts.  Being  thus,  as  it  were, 
but  half  prepared  for  the  work,  they  have,  not  unfrequently,  given  too 
much  play  to  the  imagination,  and  carried  their  theories  much  farther 
than  the  facts  would  warrant..  Impressed  with  the  size  and  character 
of  these  remains,  or  led  astray  by  certain  resemblances,  fancied  or  real, 
to  similar  objects  elsewhere,  they  have  used  them  as  a  basis  for  recon- 
structing a  phase  of  civilization  to  which,  in  point  of  religious,  artistic, 
and  political  development,  they  declare  the  Indian  to  have  been  un- 
equal. From  these  extreme  views  there  has  always  been  more  or  less 
dissent.*  Even  Mr.  Squier,  who,  in  his  famous  work  "  The  Ancient 
Monuments  of  the  Mississippi  Valley, "  makes  no  distinction  in  these 
remains,  but  speaks  of  the  Mound-builders  as  an  "extinct  race,"t  and 
contrasts  their  progress  in  the  arts  with  the  low  condition  of  the  mod- 
ern Indians,  J  is  obliged,  in  a  subsequent  publication,  to  modify  his 
views  and  draw  a  line  of  demarkation  between  the  earth-works  ot 
western  New  York  and  those  found  in  southern  Ohio,  especially  those 

*  "They"  (the  earthworks)  ^^  differ  less  in  kind  than  in  degree  from  other  remains 
respecting  which  history  has  not  been  entirely  silent : "  Haven  invol.  viii  of  the 
Smithcnian  ContributionBy  p.  158.  ''There  is  nothing,  indeed,  in  the  magnitude 
and  structure  of  our  Western  mounds  which  a  semihunter  and  semiagricnltnral 
population,  like  that  which  may  be  ascribed  to  the  ancestors  or  Indian  predecessors 
of  the  existing  race,  could  not  have  executed : "  Schoolcroft*8  Indian  Tribes  of  ike 
United  States,  vol.  i,p,  62,  "All  these  earthworks— and  I  am  inclined  to  assert  the 
same  of  the  whole  of  those  in  the  Atlantic  States  and  the  majority  in  the  Mississippi 
Valley — were  the  production  not  of  some  mythical  tribe  of  high  civilization  in  re- 
mote antiquity,  but  of  the  identical  nations  found  by  the  whites  residing  in  these 
regions:"  Brinton,  Floiidian  Pettinsula,  p.  176:  Philadelphia,  1859.  "Xo  doubt  that 
they  were  erect.»d  by  the  forofatliers  of  the  jirosent  Indians,  as  places  of  refuge 
against  the  incursions  of  their  enemies,  and  of  security  for  their  women  and  children 
when  they  were  compelled  to  leave  them  for  the  duties  of  the  chase : "  Gen.  Lewis 
Cass,  in  Xorth  American  Heriew  for  January,  1826.  "Nothing  in  them  which  may 
not  have  been  performed  by  a  savage  people:'*  Gallatin,  in  Archeeohgia  Americana 
vol.  II,  p.  149.  "The  old  idea  that  the  Mound-builders  were  peoples  distinct  from 
and  other  than  the  Indians  of  the  fifteenth  and  sixteenth  centuries  and  their  pro- 
genitors, appears  nnfoundedin  fact,  and  fanciful:"  C.  C.  Jones,  in -Yor^^  American 
Rerieiv  for  January,  1874,  p.  80.  "Mound-builders  were  tribes  of  American  Indians 
of  the  same  race  with  the  tribes  now  living:"  M.  F.  Force  at  the  Congri'S  Interna- 
tional des  Americanistes :  Luxembourg,  1877.  "The  progress  of  discovery  seems 
constantly  to  diminish  the  distinction  between  the  ancient  and  modern  races;  and 
it  may  not  be  very  wide  of  the  truth  to  assert  that  they  were  the  same  people : " 
Lapham,  in  Smithsonian  Contributions  to  Knowledge,  vol.  vii,  p.  29. 

t  Smithsonian  Contributions  to  Knowledge^  vol.  I,  p.  306:  Washington,  1848. 

X  I.e.,  pp.  188  and  242. 
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which  he  styles  religious  or  "sacred  iuclosures."  The  former  of  these, 
he  thinks,  were  erected  by  the  recent  Indians,  and  he  supiwrts  this 
view  by  a  chain  of  reasoning  that  is  believed  to  be  unanswerable.  In 
it  he  institutes  a  comparison  between  the  "  relics  of  art  and  traces  of 
occupancy''  found  within  them,  and  those  which  mark  the  sites  of 
towns  and  forts  that  are  known  to  have  been  occupied  by  the  Indians, 
and  pronounces  them  to  be  identical.  To  this  powerfid  argument, 
drawn  from  what  may,  not  inaptly,  be  termed  the  facts  of  the  mound, 
he  adds  very  copious  notes  as  to  the  origin  and  use  of  such  structures 
among  the  people  of  all  ages  and  countries,  though,  of  course,  with 
special  reference  to  those  that  are  known  to  have  been  erected  by  the 
American  Indians.  In  this  historical  retrospect  he  permits  the  facts 
to  speak  for  themselves  with  most  commendable  impartiality,  even 
though,  as  he  frankly  admits,  they  led  to  the  conclusion,  little  antici- 
pated when  he  started  on  the  trip  of  exploration,  "  that  the  earth-works 
of  western  New  York  were  erected  by  the  Iroquois  or  their  western 
neighbors,  and  do  not  possess  an  antiquity  going  far  back  of  the  dis- 
covery." * 

To  this  conclusion,  so  far  as  it  goes,  I  certainly  do  not  object.  Un- 
fortunately, however,  it  stops  short  of  the  mark ;  and  this  is  the  more 
to  be  regretted,  inasmuch  as  it  is  believed  that  the  line  of  argument 
by  which  Mr.  Squier  convinced  himself  that  the  defensive  works  of 
western  New  York  were  erected  by  the  modern  Indians  would,  if  it  had 
been  applied  to  the  earth- works  of  the  Mississippi  Valley  of  every  kind 
whatsoever — to  the  so-called  sacred  inclosures  not  less  than  to  the 
hill  forts — have  led  him  to  precisely  the  same  conclusion.  The  two 
propositions  rest  upon  essentially  the  same  foundation,  and,  as  we 
shall  see  later  on,  must  stand  or  fall  together. 

Before  beginning  this  task,  however,  it  may  be  well  to  premise  that 
it  is  not  intended,  in  the  course  of  this  investigation,  to  assert  that  the 
mounds  were  built  by  any  particular  tribe  or  tribes  of  Indians,  or  at 
any  particular  time;  neither  is  it  claimed  that  each  and  every  tribe 
living  within  the  Mississippi  Valley  erected  such  structures.  So  far 
as  ray  present  purpose  is  concerned,  they  may  have  been  built  by  any 
tribe  that  can  be  shown  to  have  occupied  the  regions  where  they  are 
ound,  and  at  any  time  during  the  period  of  such  occupancy.  All  that 
I  intend  to  assert  is,  that,  admitting  everything  that  can  be  reasonably 
claimed  by  the  most  enthusiastic  advocate  of  the  superior  civilization 
of  the  Mound-builders,  there  is  no  reason  why  the  red  Indians  of  the 
Mississippi  Valley,  judging  from  what  we  know,  historically,  of  their 
development,  could  not  have  thrown  up  these  works.  This  proposition 
is  not  as  complete  as  could  be  desired,  and  yet  it  probably  embodies 
all  that  can  ever  be  proven  on  this  subject.    Ability  and  x>erformance 

•  "Aboriginal  Monuments  of  the  State  of  New  York,"  in  Smiih$onian  Contributiont 
to  Knowledge,  to1.ii,  p.  83:  Waabington,  1851. 
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do  not  always  go  hand  in  Land,  and  the  fact  that  a  people  could  have 
executed  a  piece  of  work  does  not,  by  any  means,  authorize  the  con- 
clusion that  they  did  so.  Between  the  two  there  is,  logically  speaking, 
a  wide  gulf  which  can  only  be  successfully  passed  by  a  resort  to  what 
is  known  as  the  law  of  probabilities.  This  is  unfortunate,  but  under 
the  circumstances  it  is  unavoidable;  and  although  it  will,  unquestion- 
ably, cause  our  conclusion  to  lack  somewhat  of  the  force  of  a  scientific 
demonstration,  yet  it  is  believed  that  after  making  all  due  allowance, 
there  will  remain  such  a  volume  of  evidence  in  favor  of  our  proposition- 
as  to  justify  a  favorable  decityon.  In  all  human  probability  it  will: 
never  be  known  who  built  these  mounds  in  the  same  sense  in  which  it 
is  known  who  built  Westminster  Abbey;  but  if  it  can  be  demonstrated, 
that  the  people  who  erected  them  were  in  the  same  (neolithic)  stage 
of  civilization  that  the  Indians,  are  known  to  have  attained,  and  if 
further,  it  can  be  shown  on  undoubted  historic  authority  that  these 
Indians  built  both  mounds  and  earth-works,  which  dififer  in  degree  but 
not  in  kind  from  similar  structures  that  are  assumed  to  have  been  the 
work  of  an  extinct  people,  whom  we  have  called  the  Mound-builders, 
then  it  must  be  acknowledged  that  a  strong  argument  is  made  out  in 
favor  of  the  identity  of  the  origin  of  the  two  systems  of  works.  To 
reject  this  conclusion  without  some  positive  evidence  to  the  contrary 
would  involve  as  great  an  absurdity  as  it  would  be  to  maintain, 
supposing  all  record  of  the  fact  to  be  lost,  that  Westminster  Abbey 
was  built  by  a  people  belonging  to  a  different  race  from  that  which  is 
known,  formerly,  to  have  lived  in  London,  and  for  no  better  reason 
than  because  the  English  of  to-day  have  ceased  to  build  such  abbeys. 
This  much  being  premised,  we  are  now  reiidy  to  take  up  the  thread 
of  our  investigation ;  and  by  way  of  beginning,  let  us  examine  into  the 
accounts,  given  by  the  early  writers,  of  the  mode  of  life  and  the  civil 
and  religious  polity  of  the  Indians  in  order  to  find  out  whether  there  is 
anything  that  would  lead  us  to  conclude,  a  priori^  that  it  was  impossi- 
ble for  them  to  have  erected  these  works.  On  the  part  of  those  who 
hold  affirmative  views  on  this  point,  it  is  contended  that  a  system  of 
works  of  the  size,  say  of  those  in  the  Scioto  Valley,  would  have  re- 
quired the  united  labor  of  many  persons  for  a  long  period  of  time,  and 
that  as  the  Indians  were  hunters — not  agriculturists, — and  averse  to 
labor,  they  could  not  have  carried  it  on,  for  the  reason  that,  owing  to 
their  wandering  and  precarious  mode  of  life,  the  means  of  subsistence 
would  have  failed  them,  even  if  there  had  been  some  central  authority, 
or  some  controlling  motive  strong  enough  to  impel  them  to  the  under- 
takiiig.*  This  is  believed  to  be  a  fair  statement  of  the  argument,  and 
if  well  founded,  it  would  be  decisive  of  the  matter.    Upon  examina- 


*Squier,  Ancient  Monuments  of  the  Misahaippi  Valley,  pp.  45  and  301  et  seq,: 
Washington,  1848.  Foster,  Prehistoric  Eacea  of  the  United  StateSj  p.  346 :  Chicago, 
1873.  Baldwin,  Ancient  America,  p.  3A:  New  York,  1872.  McLean,  Mound'builder$f 
pp.  124  and  5 :  Cincinnati,  1879. 
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tion  however  it  will  be  seen  that  it  is  based  upon  the  assumption  that 
the  Mound-builders  were  an  agricultural  people,  and  lived  under  a 
strongly  centralized  form  of  government,  no  matter  whether  that  gov- 
ernment was  one  of  force,  or  of  opinion  founded  upon  policy  or  religion. 
This  assumption  is  probably  not  far  from  the  truth;  but  to  have  any 
weight  in  this  discussion,  it  must  carry  with  it,  as  a  correlative,  the 
further  admission  that  the  Indian  was  not  an  agriculturist,  and  was 
not  subject  to  any  such  central  authority,  or  controlled  by  any  such 
impelling  motiva  This  of  course  is  not  admitted,  and  it  is  precisely 
upon  these  points  that  the  issue  is  to  be  joined. 

L— THE  INDIAN  AS  AN  AGEICULTUEIST. 

Taking  up,  in  their  order,  the  requirements  that  are  admitted  to  have 
been  possessed  by  the  builders  of  these  mounds,  and  which  are  popu- 
larly supposed  to  have  been  wanting  in  the  Indian,  we  are  met,  first  of 
all,  with  the  statement,  made  either  directly  or  by  implication,  that  he 
was  not  an  agriculturist,  but  depended  almost  entirely  upon  the  chase 
for  the  means  of  subsistence.  *  True,  there  exists  a  vague  notion  that 
succotash  and  hominy  were  not  unknown  in  the  aboriginal  cuisine,  and 
there  may  be  those  of  us  who  are  sufficiently  skilled  in  culinary  mat- 
ters to  say  that  these  succulent  dishes  are  made  of  Indian  corn ;  but 
of  the  substantial  truth  of  the  above  statement  there  is  little  or  no 
doubt,  even  among  those  who  have  taken  the  trouble  to  write  on  the 
subject.  Exactly  why  this  is  so,  when  all  the  records  tell  us  that  the 
early  colonists  in  New  England,  Virginia,  and  elsewhere  throughout 
the  eastern  portion  of  the  United  States  owed  their  lives,  on  more  than 
one  occasion,  to  the  timely  supplies  of  corn  begged,  bought,  or  stolen, 
from  the  natives,t  is  something  of  a  mystery,  though  perhaps  it  is 

*  Ancient  Monuments  of  the  Miesissippi  Valley j  p.  45.  Baldwin^  Ancient  America,  p. 
34.  Foster,  Prehietorio  Bacee  of  the  United  Slates,  p.  300.  Schoolcraft's  Indian  Tribes 
of  the  United  States,  vol.  vi,  p.  183.  Gookin  in  vol.  i  of  the  first  series  of  the  Massa- 
chusetts Historical  Collections,  p.  149.  Coldeu's  History  of  the  Five  Nations,  p.  13 ; 
London,  1767. 

t  Plusiears  nations  sanvages  s'etablirent  sar  le  Mississippi  assez  pres  de  la  Nou- 
veUe  Orleans  et  comme  la  plapart  de  ces  Peuples  sont  dans  Tasage  de  cultiver  la  terre, 
lis defricherent  des  grands  terreins,  ce  qui  fat  une  resource  pour  cette  viUe  alaquelle 
lis  ont  sonvent  fonmi  des  vivres  dans  le  besoin;"  Charlevoix,  Histoire  de  la  Nouvelle 
France,  vol.  IV,  p.  198:  Paris,  1744.  "I  was  safely  conducted  to  Jamestowne,  where 
I  found  about  eight  and  thirtie  poore  and  sicke  creatures ;  -  -  -  such  was  the 
weakness  of  this  poore  commonwealthe  as,  had  the  salvages  not  fed  us  we  directlie 
had  starved.  And  this  relyfe,  most  gracious  Qneene,  was  commonly  brought  by  this 
lady  Pocahontas;  -  -  -  during  the  time  of  two  or  three  yeares,  shee  next,  under 
God,  was  still  the  instmment  to  preserve  this  colonie  from  death,  famine  and  utter 
confusion :"  Capt.  Smith,  Relation  to  Queene  Anne  in  History  of  Virginia,  p.  121 : 
London,  1632.  *'  By  seUing  them  com,  when  pinched  with  famine,  they"  (the  In- 
dians) ''relieved  their  distresses  and  prevented  them  from  perishing  in  astrangeland 
and  uncultivated  w'ildemess:"  Trumbull,  Connecticut,  vol.  i,  p.  47:  Hartford,  1797. 
'They  got  in  this  vioage,  in  one  place  aud  other,  about  26  or  28  hogsheads  of  come 
and  beanes:"   Bradford's  History  of  Plymouth  Plantation,  in  Mass,  Hist.  Coll.,  vol. 
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not  more  inexplicable  than  it  is  to  account  for  the  efforts,  at  this  late 
day,  of  earnest  and  intelligent  men  to  have  the  Indian  shown  how  to 
raise  corn,  and  this  in  face  of  the  fact  that  he  has  cultivated  that  most 
useful  cereal  for  hundreds  of  years,  and  actually  taught  our  ancestors 
the  process.*  These  are  but  samples  of  the  loose  way  of  thinking 
that  prevails  upon  this  and  kindred  topics,  and  it  must  be  our  excuse, 
if  any  be  needed,  for  going  into  the  matter  somewhat  in  detail.  For- 
tunately, the  material  for  this  purpose  is  quite  abundant,  and  the  tes- 
timony so  uniform  that  of  the  main  fact — ^the  cultivation  of  corn  in 
greater  or  less  quantities  by  all  the  tribes  living  east  of  the  Mississippi 
and  south  of  the  St.  Lawrence  and  the  Great  Lakes — there  can  not  be  a 
shadow  of  doubt.t  All  the  early  writers  are  agreed  upon  the  i)oint, 
and  there  is  no  rooiiQ  for  a  difference  of  opinion,  except,  i)erhaps, 
in  regard  to  the  amount  grown.  Upon  this  point,  too,  the  evi- 
dence is  explicit.  Instead  of  cultivating  it  in  small  patches  as  a 
summer  luxury,  it  can  be  shown,  on  undoubted  authority,  that  every- 
where, within  the  limits  named,  the  Indian  looked  upon  it  as  a  staple 
article  of  food,  both  in  summer  and  winter;  that  he  cultivated  it  in 


Illy  fourth  series,  p.  129.  *'  Others  fell  to  plaine  stealing,  both  night  and  day,  from 
ye  Indeans,  of  which  they  grievously  complained.  -  -  -  Yea,  in  ye  end  they 
were  faine  to  hange  one  of  their  men,  whom  they  could  not  reclaime  from  stealing :  ** 
Ibid.,  p.  130.  ''Sometimes  these  savages"  (the  Hurons  and  Ouattawacs  at  Missil- 
makinac)  *'sell  their  com  very  dear:"  La  Houtan,  Voyages^  vol.  i,  p.  90:  Loudon, 
1703.  See  also  Geo.  Percy,  Virginiay  in  Purchas  PilgHms,  book  9,  chap.  2;  and 
Winslow,  Oood  News  from  New  England  in  same,  book  10,  chap.  5 :  London,  1625. 

*  "Afterwards  they  (as  many  as  were  able)  began  to  plant  the  corne,  in  which 
servise  Squanto  stood  them  in  great  stead,  showing  them  both  ye  manner  how  to 
set  it,  and  after  how  to  dress  and  tend  it."  Bradford's  History  of  Plymouth  Planta- 
tion in  Publications  Mass,  Hist,  Soc.^  vol.  iii  of  4th  series,  p.  100.  "  Instructed  them 
in  the  manner  of  planting  and  dressing  the  Indian  com."  Trumbull's  History  of 
Connecticut,  vol.  i,  p.  46,  Hartford,  1797. 

t  "All  the  tribes  east  of  the  Mississippi  were  more  or  less  agricultural.  They 
all  raised  com,  beans,  squashes  and  melons."  Force,  Some  Consideiations  on  the 
Mound-builderSf  p.  70.  "Le  mais  ainsi  que  Je  viens  de  le  dire  est  la  nonr- 
riture  commune  de  tous  les  sauvages  sedentaires  depuis  le  fond  dn  Br^il 
Jusques  aux  extremitez  du  Canada."  Lafitau,  Moeurs  des  Sauvages  Ameri- 
quainSf  vol.  ii,  p.  64:  Paris,  1724.  "The  whole  of  the  tribes  situated  in 
the  Mississippi  Valley,  in  Ohio,  and  the  Lakes  reaching  on  both  sides  of  the 
Alleghanies,  quite  to  Massachusetts  and  other  parts  of  New  England,  cultivated 
Indian  com.  It  was  the  staple  product."  Schoolcraft,  vol.  i,  p.  80.  All  the  nations 
I  have  known,  and  who  inhabit  from  tlie  sea  as  far  as  the  Illinois,  and  even  farther, 
which  is  a  space  of  about  1,500  miles,  carefuUy  cultivate  the  maiz  com,  which  they 
make  their  principal  subsistence. "  Du  Pratz,  History  of  Louisiana^  vol.  ii,  p.  239 : 
London,  1763.  "  The  territory  over  which  cultivation  had  extended  is  that  which  is 
bounded  on  the  east  by  the  Atlantic,  on  the  south  by  the  Gulf  of  Mexico,  on  the  west 
generally  by  the  Mississippi,  or,  perhaps  more  properly,  by  the  prairies,  on  the  north, 
it  may  be  said  by  the  nature  of  the  climate."  Archo'ologia  Jmericana  (Gallatin), 
vol.  II,  p.  149.  "  It  was  found  in  cultivation  from  the  southem  extremity  of  Chili  to 
the  fiftieth  parallel  of  north  latitude,  beyond  which  limits  the  low  temperature 
renders  it  an  uncertain  crop."  Brinton,  Myths  of  the  New  Worlds  p.  23:  New  York. 
1876.    See  also  Relation,  a.  d.  1626,  p.  2:  Quebec,  1858. 
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large  fields,  and  understood  and  appreciated  the  benefits  arising  from 
the  use  of  fertilizers.*  Indeed  such  wa«  his  proficiency  and  industry, 
that  even  with  the  rude  and  imperfect  implements  at  his  disposal,!  he 
not  only  raised  corn  enough  for  his  own  use,  but,  as  a  rule,  had  some 
to  spare  to  his  needy  neighbors,  both  red  and  white,  t  Under  ordinary 
circumstances  it  would  only  be  necessary  to  establish  this  fact  in  order 
to  prove,  beyond  cavil,  that  the  red  Indian  was  an  agriculturist  in  the 
very  highest  acceptation  of  that  term,  and  that  in  this  respect,  at  least, 
he  stood  upon  the  same  footing  as  the  mound-builders.  In  the  present 
instance  however  this  is  not  the  case.  Not  only  is  it  not  sufficient  to 
prove  that  the  Indians  were  husbandmen  in  order  to  raise  them  to  this 
level,  but  we  are  called  upon  to  show  that  among  them  the  men  labored 
in  the  fields  as  well  as  the  women.  Indeed,  we  are  told  by  a  writer, 
from  whom  I  diflfer  with  many  misgivings,  that  in  this  respect  there 
was  a  very  great  difference  between  the  mound-builders  and  the  recent 
Indians;  and  although  the  difference  is  said  not  to  be  absolute,  yet  it 
is  gravely  asserted  that  among  the  former  "the  men  must  have  labored, 
whilst  among  the  latter  labor  is  left  to  the  sqliaws. "  §  Statements  like 
these,  unsupported  by  evidence,  do  not  carry  much  weight;  and  if  this 
investigation  were  intended  to  be  a  mere  trial  of  dialectical  skill,  and 
not  an  earnest  search  after  the  truth,  it  would  be  sufficient  to  pass  them 
by  with  a  simple  denial — all  the  reply  that  they  are  logically  entitled 

*  '^  Also  hu  tould  tbem  excepte  they  gott  fisb,  and  set  with  it  (iu  the  old  grounds) 
it  would  come  to  nothing."  Bradford's  History  of  Plymouth  Plantation,  in  vol.  in, 
of  the  4th  series  of  Mas8,  Hist.  CoU.j  p.  100.  The  Iroquois  ''manure  a  great  deal  of 
gi'ound  for  sowing  their  Indian  corn."  Hennepin,  A  neto  Discovery  of  a  vast  Country 
in  America^  etc.,  vol.  i,  p.  18:  London,  1698.  **Tous  cespeuples"  (Armouchiquois, 
VirginienSf  etc.)"  '' engraissent  leurs  champs  de  coquillages  de  poissons."  Les- 
carbot,  vol.  ii,  p.  834:  Paris,  1612.  **They  never  dung  their  land,  only  when  they 
would  sow."  Laudonniere.  First  Attempt  of  the  French  to  Colonize  Florida,  in 
Hist,  Coll.  Louisiana^,  new  series,  p.  174 :  New  York,  1869. 

f  *'  Use  wooden  bowes."  Williams'  Key,  p.  130.  *'  Spades  made  of  hard  wood  used 
in  agriculture."  Bossu,  Travels  Through  Louisiana,  p.  224:  Loudon,  1771.  ''Flor- 
ida Indians  dig  their  ground  with  an  instrument  of  wood  which  is  fashioned  like  a 
broad  mattock."  Laudonniere  in  Hist.  Coll.  Louisiana,  new  series,  p.  174:  New 
York,  1869.  *'  lis  ont  un  instrument  de  bois  fort  dur,  faict  en  fa^on  d'une  besche." 
Champlain,  vol.  i,  p.  ^:  Paris,  1830.  "  II  leur  suffit  d'un  morceau  de  bois  recourbiS 
de  trois  doigts  de  largeur,  attachd  a  un  long  manche  qui  leur  sert  a  sarcler  la  terre 
et  a  la  remuer  legerement."  Laiitau,  Moeurs  des  Saurages  Ameriquains,  vol.  ii,  p. 
76.  "Use  hoes  made  of  shoulder  blade  of  animals  fixed  on  staves."  Romans,  Ettst 
and  West  Florida,  p.  119.  "  Use  shoulder  blade  of  a  deer  or  a  tortoise  shell,  sharp- 
ened upon  a  stone  and  fastened  to  a  stick  instead  of  a  hoe."  Loskiel,  Missions  in 
North  America,  p.  67:  London,  1794.     See  also  Joutel  in  Hist.  Coll.  Louisiana,  part  I, 

p.  149,  etc, 

t  Relation  de  la  Nouvelle  France  en  1'  ann^u  1641,  p.  81 :  Quebec,  1858.  8agard, 
Voyage  des  Hurons,  pp.  125, 134 :  Paris,  1632.  Capt.  John  Smith,  Description  of  New 
England  iu  Mass.  Hist.  Coll.,  vol.  vi,  of  3d  series,  p.  120.  La  Hontain,  Voyages,  vol. 
I,  p.  105:  London,  1703.    Charlevoix,  Letters,  p.  175:  London,  1763. 

*  Some  Considerations  on  the  Mound-builders,  By  M.  F.  Force.  Pamphlet,  p.  72: 
Cincinnati,  1873. 
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to.  But  this  mode  of  procedure  would  not  auswer  the  purposes  of  tliui 
inquiry,  and  hence  I  am  induced  to  ac(;ord  them  a  more  respectfiil  con- 
sideration ;  and  I  do  this  the  uiore  willingly  inasmuch  as  it  agrees  with 
my  general  plan  of  admitting  everything  that  can  be  reasonably  claimed 
in  behalf  of  the  mound-builders,  whilst  at  the  same  time  it  affords  an 
opportunity  of  examining  into  the  correctness  of  the  usually  received 
opinion  "that  the  Indian  considered  labor  as  derogatory,  and  left  it  to 
the  women."* 

Before  beginning  this  branch  of  the  inquiry,  however,  it  is  necessary 
to  come  to  some  understanding  as  to  the  meaning  to  be  given  to  tbe 
word  "labor,"  otherwise  we  shall  be  at  cross-purposes  throughout  the 
whole  of  the  investigation.  Used  in  its  broadest  sense,  the  term  includes 
hunting  and  fishing — occupations  which  undoubtedly  belonged  to  the 
men,  and  which,  when  followed,  not  as  a  pastime,  but  for  the  purpose  of 
gaining  a  subsistence,  Involved  labor  of  the  very  hardest  kind.f  If  to 
this  it  be  added  that  the  Indian  warrior  was  expected  to  do  all  the 
fighting,  it  will  be  seen  that,  at  a  very  moderate  estimate,  he  had  work 
enough  on  his  hands  to  keep  him  reasonably  busy.  As  an  evidence  of 
the  absorbing  nature  of  these  occupations,  it  may  be  said  that,  to-day, 
in  some  countries  of  Continental  Europe  in  which  the  state  of  war  is 
the  exception  and  not  the  rule,  as  it  was  among  the  Indians,  the  per- 
formance of  the  one  duty  of  military  service  alone  is  considered  to  be 
a  sufficient  reason  for  withdrawing  all  able-bodied  males,  within  certain 
ages,  from  every  kind  of  productive  labor  during  the  term  of  such  ser- 
vice, even  though  the  whole  of  it  be  passed  in  a  time  of  profound  peace. 
Among  these  nations,  and  they  are  some  of  the  most  highly  civilized 
in  Europe,  it  is  no  exaggeration  to  say  that  labor,  using  that  word  in  its 
broadest  sense,  is  left  to  the  women  far  more  completely  than  it  ever 
was  among  the  Indians;  for  the  Indian,  when  not  actually  engaged  in 
warfare,  did  hunt  and  fish,  and  contribute  to  this  extent,  at  least,  to 
the  general  welfare,  whilst  his  European  counterpart  is  not  allowed  to 
engage  in  productive  labor  of  any  kind  whatsoever  during  his  term  of 
military  service.  But  there  is  another  and  a  narrower  sense,  in  which 
the  word  is  taken  to  mean  simply  field-work,  or  work  nece«>sary  to  the 
growth  and  production  of  corn;  and  it  is  this  signification  that  is 


*  Jrchitolo^a  Americana,  vol.  ii,  p.  151.  Stoddnnl,  Sketch€$  of  LoHinana,  p.  411: 
Philadelphia,  1812.  Cohleu,  Fire  ^Va<ioM«,  vol.  i,  p.  13:  London,  1747.  Foster,  Pre- 
historic  Racfs  of  the  UHiied  Slates^  p.  300:  Chicago,  1873.  Charlevoix,  Lrilrra,  vol.  ii, 
p.  126:  Loudon.  1761. 

f  Fatigues  of  huntiug  wear  out  the  botly  aud  constitution  far  more  than  manual 
labor."  H-k^^-w-lder,  Eisioiical  Account  of  tkr  Indian  Xation$,  p.  146.  **  Their 
manner  'hrough  the  woods  to  kill  deer  is  a  very  laborious  exercise,  as 

they  f  *'euty-five  or  thirty  mile^  through  rough  aud  smooth  grounds, 

and  fr  -etum  back  to  camp  loade<l."    Adair,  Hisiory  of  Ihe  Ameri- 

can It  on,  1775.     ''Indian  affects  not  to  feel  the  weight  of  drag- 

ging ]  uds  weight  through  a  considerable  tract  of  forest.**    Lo8- 

kiel,  i  p.  107:  London,  1794. 
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nsually  given  to  it  by  writers  on  this  subject,  and  it  is  in  this  sense  that 
it  will  be  hereafter  used  in  the  course  of  this  investigation.  Substi- 
tuting, then,  the  more  specialized  form  of  expression  for  the  general 
term,  and  the  sentence  will  read  as  follows:  Among  the  Indians  field- 
work  was  considered  derogatory,  and  left  to  the  women.  In  this  re- 
stricted shape  the  statement  is  not  so  objectionable;  and  yet,  even  in 
this  form,  it  is  believed  to  be  altogether  too  sweeping.  That  in  some 
particular  years  this  work  may,  from  some  cause,  have  been  lett  to  the 
women,  is  of  course  very  probable — the  necessities  of  war  or  the  chase 
might  at  any  time  render  this  unavoidable  in  any  tribe;  and  it  may 
also  be  true  that  in  the  division  of  labor  between  the  sexes,  made  nec- 
essary by  the  duty  of  providing  for  the  family,  this  share,  among  cer- 
tain tribes,  fell  to  her  lot;  but  that  it  was  either  onerous,*  or  compul- 
sory,t  or  that  the  custom,  if  such  it  can  be  called,  was  general,  or  that 
it  was  adhered  to  very  strictly,  even  among  the  tribes  in  which  it  can 
be  said  to  have  prevailed,  is  not  for  a  moment  admitted.  Take  for 
example  the  Iroquois  or  Six  Nations,  the  only  people  among  whom,  so 
far  as  I  knd^,  it  can  not  be  shown  that  the  warriors  did  take  some  part 
either  in  clearing  the  ground  or  in  cultivating  the  crop,  and  we  find 
that  even  among  them  the  work  was  not  left  exclusively  to  the  women, 
but  that  it  was  shared  by  the  children  and  the  old  men,  as  well  as  the 
slaves,  of  whom  they  seem  to  have  had  a  goodly  number.t  Singularly 
enough,  too,  the  reason  given  by  the  old  chronicler  why  the  men  took 

*  **  Labor  in  the  fields  employs  women  six  weeks  in  twelve  months,  while  the  labor 
of  the  hnsband  to  maintain  his  family  lasts  throughout  the  year/'  Heckewelder, 
HUiarical  Account  of  the  Indian  Naiiontf  p.  U2.  **The  work  of  the  women  is  not 
hard  oi  difficult.  -  -  -  The  tilling  of  the  groand  at  home  -  -  -  is  frequently 
done  by  female  parties,  much  in  the  manner  of  those  husking,  quilting,  and  other 
frolics.  -  -  -  The  labor  is  thus  quickly  and  easily  performed;  when  it  is  over, 
and  sometimes  in  intervals,  they  sit  down  to  enjoy  themselves  by  feasting  on  some 
good  victuals  prepared  for  them  by  the  person  or  family  for  whom  they  work,  etc." 
J  bid.,  pp.  144,  145.  Consult  also  Williams^s  Key  to  the  Indian  Language,  in  Collec- 
tions of  the  Rhode  Island  Hist,  *S'oc.,  p.  92.  Sagard,  Voyage  des  Hnrons,  p.  130:  Paris, 
.  1632.  Jontel,  Journal  in  Hist.  Coll.  of  Louisiana^  part  i,  p.  149.  Latitau,  Moeurs 
des  Saucages  Amerujuains,  vol.  ii,  p.  77:  Paris,  1724. 

f'Elles  trauaillent  ordinairementplus  que  les  hommes,  encore  qu*elle  sn'y  soient 
point  forc6es  n'y  contraintes."  Sagard,  Voyage  des  HaronSy  p.  130:  Paris,  1632. 
**  Not  only  voluntary,  but  cheerfully  performed."  Heckewelder,  p.  142.  '*  In  the 
spring  tlie  corn  field  is  planted  by  her  and  the  youngsters  in  a  veiu  of  gaiety  and 
frolic.  It  is  done  in  a  few  hours,  and  taken  care  of  in  the  same  spirit.  It  is  per- 
fectly voluntary  labor,  and  she  would  not  be  scolded  for  omitting  it;  for  all  labor 
with  Indians  is  voluntary."  Schoolcraft,  Indian  Tribes  of  the  United  States,  vol.  if, 
p.  64.  **Au  reste  ce  travail  n'est  pas  penible."  Charlevoix,  Nouvelle  France,  vol. 
Ill,  p.  23.  See  also  Life  of  Mary  Jemison,  a  captive  among  the  Iroquois,  who  says, 
pp.  69,  70,  that  the  '*  lot  of  the  Indian  women  is  not  harder  than  tbat  of  white 
women:"  New  York,  1856. 

t**If  any  of  his  children  bo  killed  or  taken  by  the  enemy,  he  is  presently  fur- 
nished with  as  many  slaves  as  he  has  occasion  for."  La  Hontan,  vol.  ii,  p.  7:  Lon- 
don, 1703.  **  Women  slaves  are  employed  to  vsow  and  reap  the  Indian  com;  and  the 
.  men  slaves  have  for  their  business  the  hunting  and  shooting  when  there  is  any 
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no  part  in  the  labor,  t.  e.,  because  "  they  were  always  at  war  or  hunt- 
ing," is  the  same  that  is  to-day  made  to  do  duty  in  justifying  the  exist- 
ence of  a  similar  condition  of  affairs  among  people  who  boast  not  a 
little  of  their  civilization. 

Among  most  of  the  other  tribes  north  of  the  Ohio  and  south  of  the  St. 
Lawrence,  Huron  as  well  as  Algonquin,  the  men  not  only  habitually 
cleared  the  ground* — no  small  undertaking,  be  it  understood,  iu  a 
heavily-timbered  region — ^but  they  frequently  took  part  in  what  is 
technically  known  as  *^  working''  the  crop,  and  also  aided  in  the  labors 
of  the  harvest  field.  This  may  not  have  been  a  part  of  their  duty,  but 
we  have  the  authority  of  Charlevoix  for  saying  that  when  asked  to  aid 
in  gathering  the  crop  "  they  did  not  scorn  to  lend  a  helping  hand.^t 

On  this  point,  however,  it  is  necessary  to  make  haste  slowly,  as  our 
guides  not  only  contradict  each  other,  but  are  very  often  at  odds  with 
themselves,  and  it  requires  some  judgment  to  pick  our  way  amid  the 
conflicting  statements.  As  an  instance  of  some  of  the  least  of  the  dif- 
ficulties that  beset  out  path  at  this  stage  of  the  inquiry,  let  us  take  the 
younger  Bartram,  whose  account  of  his  travels  among  th€  Indians  of 
the  Gulf  States  is  one  of  the  most  trustworthy  that  has  come  down  to 
us.  Time  and  again,  in  the  course  of  his  narrative,  he  speaks  of  the 
part  taken  by  the  men  in  tlie  work  of  raising  corn,t  and  yet, on  page  613, 
he  tells  us  that  they  "perform  nothing  except  erecting  their  mean 
habitations,  forming  their  canoes,  stone  pipes,  tambour,  eagle's  tail,  or 
standard,  and  some  other  trifling  matters,  ibr  war  and  hunting  are 
their  principal  employments."  In  Vander  Donck's  Kew  Netherlands 
there  is  an  instance  even  more  to  the  point,  though  it  is  no  means  an 
extreme  case.  On  one  page  he  tells  us  that  the  Indians  "subsist  by 
hunting  and  fishing  throughout  the  year,"  having  apparently  forgotten 
that  in  a  previous  chapter  he  had  said  that  "  mush  or  sapaen^  was 
their  common  food,  and  that  they  rarely  pass  a  day  without  it  unless 
they  are  on  a  journey  or  hunting.§    Strictly  speaking,  the  statements 

fatigue,  tho'  their  mafiters  will  very  ofteu  help  them."  Ibid,^  p.  18.  ''  Therefore  the 
plantation  work/' among  the  Iroquois,  *^i9  left  for  the  women  and  slaves  to  look 
after."  Lawson,  Carolina^  p.  188.  Loudon,  1718.  See  also  Lafitau,  vol.  ii,  p.  308: 
Paris,  1724.  Charlevoix,  Letters,  p.  162:  London,  1763.  Hennepin,  J]  New  DUoorerif 
of  a  Fast  Country ,  etc.,  vol.  i,  pp.  43,  215,  and  23^1 :  London,  1698.  John  Bartram, 
p.  79:  London,  1751.  By  almost  all  of  the  old  chroniclers  ** captive"  and  *' slave" 
are  used  as  convertible  terms. 

*''Ce  sent  les  hommes  par  toute  TAmerique  qui  sont  charges  de  marquer  lea 
champs  et  d'en  abattre  les  gros  arbres.  Ce  sont  eux  aussi,  qui  en  tout  temps  sont 
oblig<fs  de  couper  le  gros  bois,"  etc. :  Lafitau,  Moeurs  dca  Sauvages  JmeHqnains, 
vol.  II,  p.  109:  Paris,  1724.  ''The  qualifications  of  man  -  -  -  to  build  cottages, 
to  fell  trees,"  etc.:  La  Hontan,  Voyages,  vol.  ii,  p.  9:  London,  1703.  Compare  La 
Potherie,  vol.  iii,  p.  18:  Paris,  1753. 

4  pharievoixy  Letters,  p.  237:  London,  1763. 

tAnwA  North  and  South  Carolina,  Georgia^  East  and  Went  Florida,  etc,, 
Philadelphia,  1791. 

^B  Now  Netherlands,  in  Collections  New  York  Hist.  Soc,  vol.  I,  of 
'97. 
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iu  the  first  of  these  instances  are  not  contradictory,  for  our  author  is 
speaking  of  manufactures  when  he  says  the  men  do  "nothing,  etc.;" 
and  it  is  possible,  in  that  latitude,  for  a  man  to  raise  a  crop  of  com  and 
work  it  well  too,  and  yet  spend  the  most  of  his  time  hunting  and 
fighting.  To  admit  this  however  is  to  credit  the  old  chronicler  with 
a  degree  of  refinement  in  the  use  of  language  to  which  he  is  believed  to 
have  been  an  utter  stranger.  In  the  second  instance,  there  is  no  room 
for  any  such  compromise.  The  two  statement  conflict,  and  can  not  be 
reconciled  by  any  amount  of  verbal  hair  spitting.  In  neither  case,  be  it 
observed,  do  the  facts  justify  the  inference  that  the  field-work  was  left 
exclusively  to  the  women,  as  that  conclusion  is  manifestly  impossible, 
so  long  as  it  is  admitted  that  the  men  took  any  part  in  the  labor,  be  it 
ever  so  small,  at  any  stage  of  the  process;  and  yet  it  is  precisely  upon 
these  and  similar  statements  that  this  conclusion  is  based.  Without 
stopping  now  to  inquire  into  the  rationale  of  these  contradictions,  some- 
times only  apparent,  but  often  very  real,  it  will  be  sufficient  to  say  that 
they  have  not  sprung  from  any  wish  to  mislead,  but  have  rather  grown 
out  of  th(»  fact  that  when  these  old  writers  began  to  generalize,  they 
fell  into  the  common  error  of  failing  to  make  du  allowance  for  the 
many  exceptions  to  the  rule  they  were  laying  down.  In  all  such  cases 
the  true  way  out  of  the  difficulty  is  not  to  accept  one  statement  to  the 
exclusion  of  the  other;  neither  will  it  aid  us  to  offset  one  by  the  other, 
and  so  reject  both,  but  rather  we  ought  to  qualify  the  general  couclu- 
sion  by  the  exceptions,  and  thus  bring  it  within  the  bounds  marked 
out  by  the  facts.  Believing  this  to  be  the  true  method  of  pursuing 
this  investigation,  it  will  be  incumbent  on  me  to  examine  into  the  his- 
tory of  each  tribe  or  group  of  tribes  separately,  in  order  to  find  out 
whether  the  men,  i.  c,  the  warriors,  took  any  part  in  the  field-work, 
and  if  so,  to  what  extent.  If,  in  the  course  of  the  inquiry,  it  should  be 
shown  that,  in  any  tribe,  at  any  time,  the  men  did  take  some  part  in 
this  work,  no  matter  how  insignificant  it  may  have  been,  then  it  is 
evident  that  at  that  time,  in  that  particular  tribe,  the  field-work  was 
not  left  exclusively  to  the  women,  whatever  may  be  said  to  the  con- 
trary by  the  author  who  tells  the  story.  It  must  not  however  be  for- 
gotten that  although  this  statement  as  to  the  actual  condition  of  a 
large  majority  of  the  tribes  living  east  of  the  Mississippi  and  south  of 
the  St.  Lawrence  is  believed  to  be  true,  yet  it  is  not  denied  that  there 
were  many  instances  in  which  this  labor  was  practically  left  to  the 
women,  owing  to  the  fact  that  the  men  were  away  from  home  hunting 
or  fighting.  This  fact  was  unfortunately  of  frequent  recurrence;  but 
as  it  was  the  result  of  an  accidental  and  not  of  a  permanent  condition 
of  affairs,  it  would  hardly  be  fair  to  ascribe  it  to  the  existence  of  any 
custom  or  to  any  belief  in  the  derogatory  character  of  the  work. 

Beginning  with  the  Hurons,  of  Canada,  we  find  that  in  A.  D.  1535  a 
band  of  the  Iroquois  branch  of  that  family  was  living  in  the  stockaded 
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village  of  Hoclielaga,  now  Montreal.  According  to  Cartier*  "they  had 
good  and  large  fields  full  of  corn,  -  -  •  which  they  preserved  in 
garrets  at  the  top  of  their  houses."  He  also  tells  us  that  they  are 
"  given  to  husbandrie,  -  -  -  but  ai*e  no  men  of  great  labor;  and 
that  they  digge  their  ground  with  certain  pieces  of  wood  as  big  as 
halfe  a  sword,  on  which  ground  groweth  their  corne."  The  women 
are  said  "to  work  more  than  the  men  -  -  -  in  tilling  and  hus- 
banding the  ground."  Champlain,t  A.  D.  1610,  speaking  of  this  same 
family  of  tribes,  especially  of  those  living  north  of  the  St.  Law- 
rence, and  in  the  peninsula  lying  between  lakes  Huron,  Erie,  and 
Ontario,  repeats,  substantially,  what  is  said  about  their  houses  and 
fortified  villages,!  and  adds  that  most  of  them  cultivated  corn,  which 
was  their  principal  article  of  food,  and  which  they  also  exchanged  for 
skins  with  the  hunter  tribes  living  to  the  north.  They  stored  it  in  the 
tops  of  their  houses,  and  cultivated  it  in  quantities,  so  that  they  might 
have  on  hand  a  supply  large  enough  to  last  three  or  four  years,  in  case 
of  the  failure  of  the  crops  in  some  bad  season.§  The  women  are  said  to 
have  cultivated  the  ground  aud  planted  corn,  whilst  the  men  hunted, 
fished,  went  to  war,  and  built  their  cabins.  When  this  was  done,  they 
went  off  on  trading  expeditions  among  other  tribes,  sometimes  extend- 
ing their  trips  to  the  distance  of  400  or  500  leagues.  All  this  is  con- 
firmed by  Sagard,||  who  adds  some  interesting  details  as  to  the  tenure  of 
landsH  and  the  method  of  cultivating  the  com.  He  also  tells  us  that 
the  men  cleared  the  ground,  and  that  this  was  done  with  great  difficulty, 
as  they  had  no  suitable  implements  with  which  to  work.  This  process 
was  the  same  among  all  the  Indian  tribes,  and  as  it  is  practically  in 


*  Cartier  in  Hakluyt's  Voyages,  vol.  iii,  pp.  271,  et  seq,:  London,  1810. 

t  Voyages  de  Champlain,  Livre  Quatrieme,  chapter  viii :  Paris,  1632. 

t  Compare  Relation  de  la  Noavelle  France  en  V  ann^e,  1626,  p.  2:  Qnebec,  1858. 
Lafitau,  Mocurs  des  Sauvages  AmeriquainSf  vol.  ii,  p.  3,  et  seq.:  Paris,  1724.  L» 
Houtan,  Voyages,  vol.  ii,  p.  6:  London,  1703.  Charlevoix,  Lettersj^pp.  240-241; 
London,  1763.    Sagard,  Voyage  des  Harons,  pp.  115-117:  Paris,  1632. 

$  Voyages  de  Champlain,  p.  301:  Paris,  1632.  *'Cultivent  des  champs  dout  ils 
tireut  h  suffisance  pour  lour  nourrituro  de  toute  1'  Aun^e:"  Relation  da  la  Nouvelle 
France  en  V  annexe,  1636,  p.  118.  See  also  Belaiion  en  V  annexe,  1626,  p.  2:  Quebec, 
1858.  **  The  Hiirous,  more  laborous,  of  more  foresight,  and  more  used  to  cultivate 
the  earth,  act  with  greater  prudence,  and  by  their  labor  are  in  a  condition  not  only 
to  subsist  without  any  help,  but  also  to  feed  others;  but  this,  indeed,  they  will  not 
do  without  some  recompense:"  Charlevoix,  Letters,  p.  175:  London,  1763.  '* Evi- 
dences of  their  agricultural  habits  may  still  be  traced  in  the  large  spaces  which 
were  cultivated,  and  which  are  yet  conspicuous:"  Schoolcraft,  Indian  tribes  of  the 
United  States,  vol.  vi,  p.  201.  "Et  continuent  ainsi,  jusques  ^  ce  qu*  ils  en  ayent 
pour  deux  ou  trois  ans  de  provision,  soit  pour  la  crainte  qu '  il  ne  leur  succede  quolque 
manvaise  ann<5e,  ou  bien  pour  1'  aller  traicter  en  d '  autres  Nations  pour  des  pelle- 
teries  ou  autres  choses  qui  leur  font  besoin:"  Sagard,  Voyage  des  Hurons,  p,  134: 
Paris.  1632. 

II  Voyage  des  Burons :  Paris,  1632. 

i[  "Leur  contume  est,  que  chaque  mesnage  vit  do  ce  qu*  il  pesche,  chasse  et  seme 
ayans  autant  de  t^rre  comme  il  leur  est  necassalre;  car  toutes  les  forets,  prairies  et, 
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use  to-day  by  the  white  settlers  on  our  frontiers,  his  account  of  it  is 
translated  in  ftill.  "The  Indians,'^  he  says,  "belt  (coupent)  the  trees 
about  2  or  3  feet  from  the  ground,  then  they  trim  off  all  the  branches 
and  bum  them  at  the  foot  of  the  tree  in  order  to  kill  it,  and  afterwards 
they  take  away  the  roots.  This  being  done,  the  women  carefully  clean 
up  the  ground  between  the  trees,  and  at  every  step  they  dig  a  round 
bole,  in  which  they  sow  9  or  10  grains  of  maiz,  which  they  have  first 
carefully  selected  and  soaked  for  some  days  in  water."* 

Among  the  Iroquois  or  Six  Nations,  after  they  took  up  their  residence 
in  western  Kew  York,  our  accounts  are  not  less  full  and  explicit. 
Those  grim  warriors,  thanks  to  the  ill-advised  interference  of  Cham- 
plain  (A.  D.  1609-'10),  in  their  quarrel  with  the  Adirondacks,  lived  in 
a  chronic  state  of  hostility  to  the  French,  whose  pathway  to  the 
Ohio  they  effectually  barred.t  Expeditions  were  repeatedly  fitted  out 
against  them,  but  always  with  the  same  barren  results.  A  few  villages 
were  burned,  sometimes  by  the  savages  themselves,  to  prevent  their 
falling  into  the  hands  of  the  whites,  and  the  adjacent  corn-fields  were 
destroyed;  but  the  power  of  the  confederacy  remained  unbroken, 
Champlain  began  this  system  of  destructive  inroads  at  an  early  period; 
in  1687  Denonville  improved  upon  his  teaching,  and  later  on,  in  A.  d. 
1779,  the  Americans  took  up  the  work  and  showed  themselves  to  be 
apt  scholars.  In  this  year  Gen.  Sullivan,  at  the  head  of  an  American 
army,  invaded  their  country,  and  is  said  to  have  destroyed  160,000 
bushels  of  corn,  and  to  have  cut  down  in  one  orchard  alone  1,500  apple 
trees.t  Large  as  was  the  amount  of  property  destroyed  at  this  time,  it 
was  but  a  fraction  of  the  destruction  wrought  by  the  French  under 
Denonville  in  1687.  In  the  course  of  that  one  invasion  four  villages 
of  the  Senecas  were  burned,  and,  including  the  com  in  cache  and  what 


terres  non  d^frischees  sout  en  commun,  et  est  permls  ii  un  chacun  d'  en  defrisoher  et 
ensemencer  antant  qu'  il  vout,  qu'  il  peut  et  qu '  il  luy  est  necessaire;  et  cette  terro 
ainsi  defHschee  deinenre  k  la  pereonne  antant  d '  ann<^e8  qa  *  il  continue  de  la  culti- 
yer  et  s '  en  servir^  ct  estant  enti^rement  abandonne  du  maistre  s '  en  sert  par  aprea 
qni  vent  et  non  autrenient :''  Sagard,  Voyage  dea  HuronSf  p.  133 :  PariH,  1632.  The 
Hurons  agree  among  themselves  "to  allot  each  family  a  certain  compass  of  ground, 
so  that  when  they  arrive  at  the  place  they  divide  themselves  Into  tribes.  Each 
hunter  fixes  his  house  in  the  center  of  that  ground  which  is  his  district :''  La  Hon- 
tan,  vol.  iiy  p.  59:  London,  1703. 

**  Voyage  dea  ffuronSf  p.  134 :  Paris^  1632.  Compare  Adair,  History  of  the  North 
American  Indians^  p.  405:  London,  1775.  Smith,  Virginia  in  Purchas'  Pilgrima^  vol. 
IV,  p.  1696:  London,  1625.     Voyages  de  Champlain,  pp.  73,  86:  Pari«,  1632. 

tLa  Hontan,  vol.  i,  p.  24:  London,  1703.  Loskiel,  Mission  in  America,  p.  137: 
London,  1794.  Among  the  expeditions  sent  against  them,  besides  those  mentioned  in 
the  text,  note  particularly  those  in  1665  under  Courcelles,  in  1666  under  de  Tracy,  in 
1684  under  de  la  Barre,  and  in  1692  and  1696  under  Frontenac. 

X  History  of  New  York  during  the  Revolutionary  War,  vol.  ii,  p.  334:  New  York, 
1879.  See,  also.  Stone's  Life  of  Brant,  vol.  ii,  chap,  i :  Albany,  1865,  for  an  account 
of  the  immense  amount  of  com,  etc.,  dettroyed  at  this  time. 
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was  standiag  in  the  fields,  400,000  minots  or  12,00,000  bosliels  of  grain 
were  destoyed.*  This  amount  is  doubtlessly  much  exaggerated,  but 
that  it  was  very  large  is  evident  from  the  statements  of  Tontit  and  La 
Hontan,!  both  of  whom  took  part  in  the  expedition.  According  to  the 
former,  they  were  for  seven  days  engaged  in  cutting  up  the  corn  belong- 
ing to  the  four  villages.  The  latter  author  puts  the  time  consumed  in 
this  work  at  five  or  six  days,  and  by  way  of  showing  the  uselessness  of 
such  destruction,  he  makes  one  of  their  Indian  allies  remark  rather  cyn- 
ically that  '^the  Tsonnontonans  did  not  matter  the  spoiling  of  the  com 
for  that  the  other  Iroquois  nations  were  able  to  supply  them.'^  These 
extracts  will  give  some  idea  of  the  extent  to  which  com  was  grown 
among  these  tribes,§  and  will  justify  the  use  of  much  stronger  language 
than  Mr,  Morgan  employs  when  he  declares  that  "it  can  not  be  affirmed 
with  correctness  that  the  Indian  subsisted  principally  by  the  chase."  || 

As  to  the  manner  of  preserving  or  storing  this  grain  for  winter  use, 
we  are  not  left  in  the  dark.  In  addition  to  the  garrets  or  tops  of  their 
houses  and  cribs,fl  they  were  in  the  habit  of  "  burying  their  surplus  corn 
and  also  their  charred  green  corn  in  caches j  in  which  the  former  would 
preserve  uninjured  through  the  year,  and  the  latter  for  a  much  longer 
period.  They  excavated  a  pit,  made  a  bark  bottom  and  sides,  and  hav- 
ing dex>08ited  the  com  within  it,  a  bark  roof,  water-tight,  was  con- 
stracted  over  it,  and  the  whole  covered  up  with  earth."** 

In  regard  to  the  field-work,  the  weight  of  evidence  inclines  to  the  con- 
clusion that,  ever  since  the  arrival  of  the  whites,  it  has  been  in  the 
hands  of  the  women  and  slaves,  and  that  the  warriors  took  no  part  in  it, 
neither  working  the  crop,  nor  clearing  the  land,  as  their  congeners  in 

•  Charlevoix,  HUtaire  de  la  Xouvelle  France,  vol.  if,  p.  355:  Paris,  1744.  Doc.  Hist 
of  New  York,  firet  series,  p.  238 :  Albany,  1849. 

t  Narrative  in  HUtorical  Collections  ofLouistatm,  part  i,  p.  70. 

t  La  Hon  tan.  Voyages,  vol.  i,  p.  77 :  London,  1703. 

^  Iroquois  ''reap  ordinarily  in  one  harvest  as  mnch  as  serves  ^em  for  two  years:'* 
Hennepin,  A  neto  Discovery  of  a  Vast  Country  in  America,  vol.  i,  p.  18 :  London, 
1698.  ''Cultivated  100  acres:"  Ibid,,  p.  19.  "Com  plenty  among  different  tribes 
of  the  Iroquois:"  Greenhalgh  (a.  d.  1667),  in  Doc,  Hist,  of  Xeto  York,  vol.  i,  p.  15. 
"Com  has  ever  been  the  staple  article  of  consumption  among  the  Iroquois.  They 
cultivated  this  plant,  and  also  the  bean  and  the  squash,  before  the  formation  of  the 
league.  -  -  -  Raised  sufficient  quantities  of  each  to  supply  their  utmost  wants : " 
Morgan,  League  of  the  Iroquois,  p.  199:  Rochester,  1851.  "Village  field  consisting 
oftentimes  of  several  hundred  acres  of  cultivated  land:"  Ibid.,  p.  314. 

II  League  of  the  Iroquois,  p.  199:  Rochester,  1851. 

ULafitau,  vol.  ii,  p.  80:  Paris,  1724. 

**** League  of  the  Iroquois,  p.  319.  Mr.  Morgan  adds  that  "pits  of  charred  com  are 
still  found  near  their  ancient  settlements.  Cured  venison  and  other  meats  were 
buried  in  the  same  manner,  except  that  the  bark  repository  was  Uned  with  deer 
skins."  As  to  caches,  see  also  Hennepin,  I.  c,  vol.  i,  p.  18 :  London,  1698.  Lafitan, 
Moeurs  des  Sauvages,  vol.  ii,  p.  79:  Paris,  1724.  Loskiel,  Mission  in  America,  p.  68: 
London,  1794. 
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Ganada  were  in  the  habit  of  doing.  Golden*  and  others!  assert  this 
positively,  and  G^n.  Ely  S.  Parker,  himself  an  educated  Iroquois,  con- 
firms the  statement  in  an  interesting  letter  which  I  take  the  liberty  of 
publishing  entire:  ^'I  do  not  think  that  the  Iroquois  men,  at  the  time 
to  which  you  refer,  ever  aided  in  any  agricultural  operations  whatever. 
Among  all  the  Indian  tribes,  especially  the  more  powerful  ones,  the 
principle  that  a  man  should  not  demean  himself  or  mar  his  dignity  by 
cultivating  the  soil  or  gathering  its  product  was  most  strongly  incul- 
cated and  enforced.  It  was  taught  that  a  man's  province  was  war, 
hunting,  and  fishing.  While  the  pursuit  of  agriculture,  in  any  of  its 
branches,  was  by  no  means  prohibited,  yet,  when  any  man,  excepting 
the  cripples,  old  men,  and  those  disabled  in  war  or  hunting,  chose  to  till 
the  earth,  he  was  at  once  ostracised  from  men's  society,  classed  as  a 
woman  or  squaw,  and  was  disqualified  from  sitting  or  speaking  in  the 
councils  of  his  people  until  he  had  redeemed  himself  by  becoming  a 
skillful  warrior  or  a  successful  hunter.  At  the  present  day  even,  some 
of  the  western  tribes  require  that  one  shall  also  prove  himself  an  ex- 
pert thief  or  robber  to  entitle  him  to  respect  and  consideration.  It  is 
within  my  recollection  that  a  very  large  proportion  of  the  Iroquois  men 
did  no  manual  labor  whatsoever,  because  as  they  argued  it  was  menial 
and  beneath  their  dignity.  It  is  only  quite  recently  that  agricultural 
work  by  men  has  become  general  among  this  people,  and  not  yet  are 
women  driven  altogether  from  the  field. 

"It  was  an  Iroquois  custom  to  use  captives  to  assist  their  women  in 
the  labors  of  the  field,  in  carrjdng  burdens,  and  in  doing  general  menial 
labor;  but  when  a  captive  proved  himself  possessed  of  what,  in  their 
judgment,  constituted  manly  qualities,  then  he  was  fully  adopted  and 
admitted  to  all  the  privileges  of  an  Iroquois. 

<^You  may  possibly  call  to  mind  that  Brant,  the  elder,  a  great  Iro- 
quois warrior,  and  Bed  Jacket,  the  Iroquois  orator,  were  not  good 
friends.  One  was  renowned  both  in  war  and  council,  and  his  voice 
was  ever  for  war;  while  the  other  was  famous  only  in  council;  his 
voice  was  always  for  i>eace,  and  in  no  sense  was  he  a  warrior.  In  a 
general  council  of  the  magnates  of  the  Six  Nations,  held  at  the  time  of 
the  Miami  difficulties  in  the  Northwest,  Brant,  in  a  controversy  with 
Bed  Jacket,  in  which,  perhaps,  he  was  being  worsted,  taunted  him 
with  being  a  coward  and  a  squaw,  showing  how  strong  had  been  his 
early  education  respecting  the  qualities  essential  to  a  representative 
Iroquois. 

"I  think  you  will  also  find  accounts  in  Goldeu's  History  of  the  Five 

*  "The  Indian  women  perform  all  the  dradgerj  about  their  houses;  they  plant 
the  corn  and  labor  it  in  every  respect  tin  it  is  brought  to  the  table/'  History  of  the 
Five  Nations,  p.  13:  London,  1747. 

t  **  Women  never  plant  corn  among  us  as  they  do  among  the  Iroquois :''  Lawson, 
Carolina,  p.  188:  London,  1718.  ''The  wife  must  do  all  the  work  in  the  house  and 
field:''  Loskiel,  Mission  in  America,  p.  60:  London,  1794.  See  also  League  of  the 
IroqwHs,  p.  329 :  Rochester,  1851. 
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Nations,  where  tribes  of  Indians  were,  or  had  been,  subjugated  by  the 
Iroquois,  and  reduced  to  the  condition  of  women,  and  were  formally 
prohibited  from  engaging  in  any  warlike  enterprises,  and  were  en- 
joined to  spend  their  time  and  energies  in  tilling  the  earth,  and  the 
Iroquois  were  accustomed  to  express  themselves  respecting  such  sub- 
jugated tribes  like  this:  ^  We  have  put  petticoats  upon  them,^  which 
meant  that  thereafter  they  were  required  to  do  only  servile  work. 
This  in  my  opinion  was  another  evidence  that  anciently  the  Iroquois 
men  did  not  do  any  agricultural  labor." 

Per  cantra^  Charlevoix*  speaks  of  a  tradition  current  among  them,  to 
the  effect  that,  formerly — before  their  arrival  in  New  York — ^they  were 
almost  exclusively  occupied  in  husbandry,  and  were  bound  to  furnish  a 
part  of  their  harvest  to  the  Algonquins,  who  in  their  turn  agreed  to 
supply  them  with  a  certain  share  of  the  products  of  the  chase,  and  to 
defend  them  against  all  enemies  whatsoever.  He  adds  that  this  arrange- 
ment was  very  advantageous  to  both  parties,  but  that  in  the  estimation 
of  the  Indians  it  caused  the  Algonquins  to  rank  higher  than  the  Iro- 
quois, for  the  reason  that  among  them  a  successful  hunter  is  on  a  level 
with  a  great  warrior,  and  inferentially  both  take  precedence  of  a  hus- 
bandman. This  however  is  but  tradition,  and  is  given  for  what  it  is 
worth,  though  it  is  proper  to  say  that  Charlevoix  introduces  it  with  the 
remark  that  it  is  the  only  part  of  Iroquois  history  that  has  come  down 
to  us  clothed  with  any  appearance  of  probability,  and  that  both  Col- 
dent  and  Morgant  give  place  to  the  story.  Without  stopping  now  to 
inquire  into  its  truth  or  falsity,  we  may  be  very  sure  that  during  the 
whole  of  the  seventeenth  and  part  of  the  eighteenth  centuries,  the  Iro- 
quois warrior  had  but  little  time  to  devote  to  agriculture.  What  with 
fighting  the  French  and  Hurons  on  the  north ;  the  Miamis  and  Illinois 
on  the  west  5  the  Cherokees,  Catawbas,  and  Shawnees  on  the  south,  to 
say  nothing  of  his  immediate  neighbors  in  New  England  on  the  east, 
it  would  seem  as  if  his  hands  were  so  full  as  to  leave  but  little  time  for 
hunting,  much  less  for  raising  corn;  and  that  under  the  circumstances 

•Charlevoix  Letters y  pp.  124,  et  seq,:  London,  1763.  La  Potherie  tells  the  same 
story,  but  gives  it  as  a  fact.  See  Historie  de  VAmeriqutf  vol.  I,  pp.  188,  et  aeq.:  Paris, 
1753.  The  same  author,  vol.  in,  p.  18,  asserts  that  the  men  did  clear  tbe  ground, 
fence  in  the  fields,  and  prepare  the  bunches  of  com  for  drying.  He  also  adds  that 
when  husband  and  wife  are  much  attached  to  each  other,  they  do  not  separate  their 
work,  though  ordinarily  they  do  not  cencern  themselves  about  each  other's  duties. 
Lafitau,  vol.  ii,  p.  78,  says  that  the  men  braided  the  com  into  bunches,  and  adds  that 
it  is  the  only  occasion  on  which  the  women  call  on  the  men  for  help. 

t"The  Adirondacks  -  -  -  employed  themselves  wholly  in  hunting,  and  the 
Five  Nations  made  planting  of  com  their  business.  By  this  means  they  became  useful 
to  each  other  by  exchanging  com  for  venison.  The  Adirondacks,  however,  valued 
themselves  as  delighting  in  a  more  manly  emplojrment,  and  despising  the  Five  Nations 
in  following  business  which  they  thought  only  fit  for  women."  History  of  the  Five 
Nations^ -^,22%  London,  1747. 

X  "Tradition  informs  us  that,  prior  to  the  occupation  of  New  York,  they  resided 
in  the  vicinity  of  Montreal,  upon  the  northern  bank  of  the  St.  Lawrence,  where 
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^^the  plantation  work,''  as  the  old  chronicler  has  it,  must  have  been 
"left  to  the  women  and  slaves''  as  a  matter  of  necessity.* 

As  might  have  been  expected  in  a  people  who  had  developed  such 
capacity  for  the  management  of  military  and  political  affairs,  we  find 
that  the  ideas  of  property  had  taken  definite  shape,  and  that  the  rights 
of  individuals  were  duly  respected.  In  fact,  some  of  their  regulations^ 
notably  those  in  relation  to  the  property  of  married  women,t  might  be 
copied  with  advantage  in  some  of  the  States  of  our  favored  Kepublic. 
In  regard  to  the  tenure  of  land,  we  are  told  that  no  individual  could 
obtain  an  absolute  title,  "but  he  could  reduce  unoccupied  lands  to  cul- 
tivation to  any  extent  he  pleased ;  and  so  long  as  he  continued  to  use 
them,  his  right  to  their  enjoyment  was  protected  and  secured.  He  could 
also  sell  his  improvements  or  bequeath  them  to  his  wife  and  children.| 

Turning  now  to  the  tribes  of  the  Algonquin  family,  and  beginning 
with  those  that  lived  south  of  the  St.  Lawrence  and  east  of  the  Hudson, 
we  can  not  but  be  struck  with  the  similarity  of  their  condition  to  that 
which,  as  we  have  seen,  existed  among  the  Hurons.  Champlain,§  who 
visited  this  coast  in  the  early  part  of  the  seventeenth  century,  found 
corn  in  cultivation  from  the  "Kinnebequy"  to  Cape  Mallebarre,  near 
the  southeastern  extremity  of  Cape  Cod.  At  Chacouet  (Saco)  he  saw 
the  natives  cultivating  the  ground,  "which  was  a  thing  he  had  not 
seen  before,  using  for  that  purpose  small  implements  of  hard  wood  made 
like  a  spade."  In  the  neighborhood  of  Cape  Mallebarre  they  are  said 
to  have  been  very  industrious  ("fort  amateurs  du  labourage")  and  to 
have  provided  a  supply  of  corn  for  winter  use,  which  they  stored  in 
caches.||    They  lived  in  stockaded  forts,^  and  made  slaves  of  their  pris- 

they  lived  in  subjection  to  the  Adirondacks,  a  branch  of  the  Algonquin  race.'' 
lAMgue  of  the  IroquoiSy  p.  5 :  Rochester,  1851.  Compare  this  with  the  following  state- 
ment of  Father  Le  Jeune  in  relation  de  la  Nouvelle  France  en  Tannic,  1636,  p.  46 :  *'  Les 
sauvages  m'ont  monstrd  quelques  endroits  oh  les  Hiroquois  ont  autrefois  cnltiv^  la 
terre." 

*  Lawson,  Carolina,  p.  188 :  London,  1718. 

t"The  rights  of  property,  of  both  husband  and  wife,  were  continued  distinct 
during  the  existence  of  the  marriage  relation,  the  wife  holding  and  controlling  her 
own  the  same  as  her  husband,  and  in  case  of  separation  taking  it  with  her.  -  -  • 
K  the  wife  either  before  or  after  marriage  inherited  orchards,  or  planting  lots,  or 
reduced  land  to  cultivation,  she  could  dispose  of  them  at  her  pleasure,  and  in  case  of 
her  death,  they  were  inherited,  together  with  her  other  effects,  by  her  children." 
Morgan,  League  of  the  Iroquois,^.  326;  Rochester,  1851.  Schoolcraft,  Notes  on  the 
Iroquois,  p.  88,  New  York,  1846.    La  Potherie,  vol.  iii,  pp.  33,  et  seq,,  Paris,  1753. 

t  League  of  the  Iroquois,  p.  326,  Rochester,  1851. 

J  Voyages  de  Champlain,  chapters  iv,  v,  vi,  and  vii,  Paris,  1632.  Compare  Lescar- 
bot,  Nouvelle  France,  pp.  777-834-836,  Paris,  1712.  Also,  Relation  de  la  Nouvelle 
France  en  Vanu^e,  1611-1613,  Quebec,  1858. 

II  Voyages  de  Champlain,  p.  90,  Paris,  1632. 

11  De  Laet  in  New  York  Hist.  Coll.y  first  series,  vol.  i,  p.  307.  Champlain,  p.  74: 
Paris,  1632.  Lescarbot,  book  v,  p.  632,"  Paris,  1712.  Williams,  Key  to  the  Indian 
Language,  in  vol.  i,  Rhode  Island  Hist.  Coll.,  p.  92.  Vincent,  Pequot  War  in  Massa- 
chusetts Hist.  Coll.,  vol.  VI  of  third  series,  p.  39.  Purchas,  Pilgrims,  vol.  iv,  p. 
18U,  London,  1625. 
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oners,  especially  of  the  women  and  children,*  as  was  the  custom  amoD^ 
other  tribes  belonging  to  this  family.t    In  1614  Capt.  Smith  explored 
this  coast,  and  makes  mention  of  ^^the  gardens  and  cornfields  which 
he  saw  planted  on  those  sandy  cliffs  and  cliffs  of  rocks."|    He  also  bears 
witness  to  the  quantities  of  corn  grown  in  that  region  when  he  under- 
takes for  a  few  trifles,  ^^to  have  enough  from  the  salvages  for  three 
hundred  men"  until  the  colony  should  become  8elf-supporting.§    Boger 
Williams,  A.  d.  1643,  on  the  same  subject  says  'Hhat  the  women  of  the 
family  commonly  raise  two  or  three  heaps  of  12, 15,  or  20  bushels  a 
heap,    -    -    •    and  if  she  have  the  help  of  her  children  or  friends,  as 
much  more."    He  also  adds,  that  ^^  sometimes  the  man  himself  (either 
out  of  love  to  his  wife  or  care  for  his  children,  or  being  an  old  man) 
will  help  the  women,  which,  by  the  customs  of  the  country,  they  are 
not  bound  to.    When  a  field  is  to  be  broken  up  they  have  a  very  loving, 
sociable,  speedy  way  to  dispatch  it;  all  the  neighbors,  men  and  women, 
tbrty,  fifty,  a  hundred,  do  joyne  and  come  in  to  help  freely.    With 
friendly  joyning  they  break  up  their  fields  and  build  their  forts.'' || 
Among  themselves  they  bartered  their  com,  skins,  and  venison,Tf  and 
they  also  carried  on  more  or  less  trade  with  other  nations  in  shell  beads  •• 
(wampum),  and  also  in  pipes,  which  latter  article  is  said  usually  **to 
come  from  the  Mauquaw  wop  tt  or  man-eaters,  three  or  four  hundred  miles 
from  us.''    The  right  of  property  was  recognized  in  land,t|  and  their 
fields  as  well  as  the  district  within  which  each  man  might  hunt  were 


*  Lescarbot,  Nouvelle  France,  book  vi,  pp.  798  and  859,  Pstris,  1712. 

tLafitan,  Moeurs  des  Sauvages  Ameriquains,  vol.  i,  p.  563,  and  vol.  n,  p.  308,  Paris, 
1724.  Lawson,  Carolina,  pp.  198-232,  London,  1718.  Marquette  in  DUoovery  and 
Exploration  of  the  Mississippi,  by  John  G.  Shea,  p.  32,  New  York,  1852.  Charlevoix, 
JBistoire  de  la  Nouvelle  France,  vol.  iv,  pp.  104, 105,  and  p.  156,  where  the  Ontaganm, 
as  a  condition  of  peace,  propose  to  replace  all  the  killed  of  their  enemies  by  slaves 
whom  they  are  to  capture  from  distant  nations :  Paris,  1744. 

t  Description  of  New  England  in  Collections  of  Mass,  Hist,  Society,  vol.  vi  of  third 
series,  p.  180. 

JJWd.,  p.  113. 

II  Williams,  Key,  pp.  92  and  93.  "  Their  food  is  pulse,  -  -  -  which  is  here  better 
than  elsewhere,  and  more  carefiilly  cultivated,"  Verrezano,  in  N.  Y,  Hist.  Coll.,  vol. 
I  of  new  series,  p.  49.  "Their  food  is  generally  boiled  maize  or  Indian  com,"  Gookin, 
History  of  the  New  England  Indians  in  Coll.  Mass.  Hist.  Soc,  vol.  i  of  first  series, 
p.  150.  "Taking  all  his"  (King  Philip^s)  "cattle  and  hogs  that  they  could  find,  and 
also  took  possession  of  Mount  Hope,  which  had  then  a  thousand  acres  under  com." 
Drake,  Indians  of  North  America,  p.  209,  fifteenth  edition.  "Indians  came  down  to 
Windsor  and  Hartford  with  fifty  canoes,  at  one  time,  laden  with  Indian  com ;"  Trum- 
buU,  Connecticut,  vol.  i,  p.  88,  Hartford,  1797.  On  Block  Island,  Indians  had  "about 
200  acres  of  com,"  Drake,  Indians  of  North  America,  p.  116.  See  also  Winslow, 
Good  News  from  New  England,  in  Purchas  Pilgrims,  London,  1625. 

H  Williams,  Key  to  the  Indian  Language,  in  vol.  i  Coll.  Rhode  Island  Hist.  Soc.,  p. 
133. 

**Lafitan,  Moeurs  des  Sauvages  Ameriquains,  vol.  1,  p.  503,  Paris,  1724. 

ft  Probably  Mohawk.    See  Drake,  Indians  of  North  America,  p.  221,  fifteenth  edition. 

tt  I  have  known  them  to  make  bargaine  and  sale  amongst  themselves  for  a  amaU 
piece  or  quantity  of  land."    Williams,  Key,  p.  89. 
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clearly  defined.*  They  also  seem  to  have  arrived  at  that  stage  of  devel  - 
opment  in  which  the  advantages  of  a  division  of  labor  are  recognized, 
for  we  are  told  that  "they  have  some  who  follow  only  making  of  Bowes, 
some  Arrows,  some  Dishes  (and  the  women  make  all  their  earthen  ves- 
sels); some  follow  fishing,  some  hunting:  most  on  the  seaside  make 
money,"  t.  «.,  wampum.    "As  many  make  it  as  will.'*t 

Among  the  tribes  living  in  southeastern  New  York,  and  along  the 
Hudson,  there  does  not  seem  to  have  been  any  lack  of  corn.  Hudson, 
A.  D.  1609,  states  that  in  latitude  42°  18',  near  where  the  town  bearing 
his  name  now  stands,  he  saw  "  a  house  which  contained  a  great  quan- 
tity of  maize  or  Indian  corn  and  beans  of  last  year's  growth,  and  there 
lay  near  the  house  for  the  purpose  of  drying  enough  to  load  three  ships, 
besides  what  was  growing  in  the  fields.''  t 

The  work  of  tilling  the  ground  was  left  to  the  women,  who  had  the 
assistance  of  the  old  men  and  the  children.§  The  warriors  are  said  to 
have  been  extravagantly  inclined  to  hunting  and  fishing,  ||  though  De- 
Laet  tells  us  that  "  they  are  very  serviceable,  and  allow  themselves  to 
be  employed  in  many  things  for  quite  a  small  compensation.^  They 
lived  in  stockaded  villages,  and  had  forts  or  castles  near  their  corn 
grounds  for  reAige  in  case  of  the  sudden  irruption  of  small  marauding 
parties  of  their  enemies."  ♦♦ 

New  Jersey  and  eastern  Pennsylvania  were  inhabited,  in  part,  by 
different  bands  of  the  same  tribes  that  held  the  country  adjacent  to  the 
mouth  of  the  Hudson.  They  occupied  both  banks  of  the  Delaware  or 
"  South  "  river,  lived  in  forts,tt  and  raised  corn  and  beans,  which  they 
sold  to  the  Swedish  and  German  8ettlers.||    Later,  about  the  year  1682, 

*  "They  have  their  fields  distinct:"  Lescarbot  livre  vi.  pp.  776,836:  Paris,  1712. 
Williams,  Key,  p.  141.    Winslow,  in  Purchas  Pilgrims,  p.  1869 :  London,  1625. 

f  Williams,  Key,  pp.  128  and  133. 

t  Quoted  in  DeLaet,  Description  of  -Yctr  Netherlands,  p.  300.  **  Great  store  of 
Maize:''  J  net,  Journal  of  Hudson^  s  Voyage,  p.  323.  ''They  raise  an  abundance  of 
com  and  beans,  of  which  we  obtain  whole  cargoes  in  sloops  and  galleys  in  trade :'' 
Vender  Donck,  Neio  Netherlands,  p.  209.  "  Their  common  food  -  -  -  is  pap,  or 
mush,  which  -  -  •  is  named  sapaen.  This  is  so  common  among  the  Indians  that 
they  seldom  pass  a  day  without  it,  unless  they  are  on  a  journey  or  hunting.  We  sel- 
dom visit  an  Indian  lodge  at  any  time  of  day,  without  seeing  their  sapaen  preparing, 
or  seeing  them  eating  the  same.  It  is  the  common  food  of  all : ''  Ibid.,  p.  193.  All 
these  are  published  in  vol.  i,  new  series,  of  the  Collections  of  the  New  York  Hist. 
Society,  and  the  paging  refers  to  that  volume.  *'  Indian  com  abundant:''  Doc.  Hist, 
of  New  York,  p.  22. 

$  Vander  Donck,  New  Netherlands,  in  vol.  i,  new  series,  Hist.  Coll.  of  New  York,  p.  208. 

||/M<I.,  p.209. 

i[  DeLaet,  Description  of  New  Netherlands,  in  vol.  I,  new  series.  Coll.  N.  Y,  Hist, 
Soc.,  p.  301,  New  York,  1841. 

**  Vander  Donck,  I.  c,  p.  197. 

ft  DeLaet,  /.  c,  p.  303. 

U  Kalm,  TVare^,  vol.  i,  p.  397 :  London,  1772.  Campanius,  History  of  New  Cweed- 
land  in  vol.  i,  Coll.  of  New  York  Hist.  Soc.j  p.  346.  l)e  Vries  Voyages  in  Vol.  i,  new 
series,  of  Coll.  of  New  York  Hist.  Soc,  p.  253. 
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Waiiam  Penn  found  the  Delawares  and  Shawnees*  still  occupying  this 
region,  and  it  was  with  them  that  he  concluded  the  famous  treaty  of 
which  it  has  been  said  that  it  is  the  only  one  ever  made  that  was  not 
ratified  by  an  oath,  and  that  it  is  the  only  one  that  was  never  broken. 
Speaking  of  their  manner  of  life,  he  says  that  "  their  diet  is  maize  or 
Indian  corn,  divers  ways  prepared;  sometimes  roasted  in  the  ashes, 
sometimes  beaten  and  boiled  with  water,  which  they  call  hominy.^  t 
Loskiel,  A.  D.  1788,  takes  up  the  story,  and  tells  us  that  corn  was  the 
chief  product  of  their  plantations.!  He  also  says  that  *<  the  men  hunt 
and  fish  and  provide  meat  for  the  household,  keep  their  wives  and  chil- 
dren in  clothing,  build  and  repair  the  houses  or  huts,  and  make  fences 
around  the  plantations,  occasionally  assisting  in  the  labors  of  the  field 
and  garden.  §  The  corn  is  stowed  in  caches,  and  they  keep  the  situa- 
tion of  these  caches  secret,  as  if  found  out  they  would  have  to  supply 
every  needy  neighbor.^  This,  he  adds,  "  may  occasion  a  famine,  for 
some  are  so  lazy  that  they  will  not  plant  at  all,  knowing  that  the  more 
industrious  can  not  refuse  to  divide  their  store  with  them.^  ||  They 
also  did  more  or  less  barter,  especially  in  pipes,  the  material  for  which, 
a  red  marble,  is  rare,  and  found  only  on  the  Mississippi.  *^A  more 
common  sort  is  made  of  a  kind  of  ruddle  dug  by  the  Indians  living  to 
the  west  of  the  Mississippi,  on  the  Marble  Eiver,  who  sometimes  bring 
it  to  these  countries  for  sale.''  fl 

At  this  point  it  seems  proper  to  refer  briefiy  to  the  fact  noticed  by 
Gen.  Parker,  that  the  Delawares  were,  at  this  time,  a  conquered  tribe, 
and  held  their  lands  on  sufferance.  In  the  figurative  language  of  the 
Indians,  the  Iroquois  had  put  petticoats  on  them.  Whether  this  was  a 
rhetorical  fiourish,  and  merely  meant  that  they  had  been  conquered,  or 
whether  it  was  intended  to  signify  that  the  Delaware  warriors  had  been 
forbidden  to  take  part  in  manly  pursuits,  and  were  restricted  to  the 
occupations  usually  followed  by  the  women,  I  am  not  prepared  to  say. 
That  they  were  forbidden  to  dispose  of  the  land  they  occupied  is  clear 
from  the  speech  of  Canassatego,  an  Iroquois  sachem,  at  the  treaty  of 
Lancaster,  A.  D.  17445  ♦•  but,  on  the  other  hand,  it  is  equally  evident 

*  Harvey,  History  of  the  Shawnee  IndianSy  p.  1 :  Cincinnati,  1855.  This  tribe  is, 
said  to  have  been  the  custodian  or  keeper  of  tlie  parchment  copy  of  the  great  treaty 
of  1682.  At  least  they  had  it  in  1722,  and  showed  it  to  Gov.  Keith :  Hint,  of  Shaw- 
neesy  p.  32.  Parkman,  in  Conspiracy  of  Pontiac,  vol.  ii,  p.  229,  says:  '*They  had 
parchment  copies  of  treaties  with  Penn." 

t  Penn's  letter  quoted  in  Harvey's  History  of  the  Shawnee  Indiansy  p.  14 :  Cincin- 
nati, 1855. 

t  Loskiel,  Mission  of  the  United  Brethren  among  the  Indians  of  Xorth  America,  p.  66: 
London,  1794. 

$  Ibid.,  p.  59. 

||JWd.,p,68. 

H  Ibid.,  p.  51.    Compare  Kalm,  Travels,  vol.  u,  p.  42. 

**"We  conquered  you;  we  made  women  of  you;  you  know  you  are  women,  and 
can  no  more  sell  land  than  women."  Colden,  History  of  the  Five  Nations,  vol.  ii,  p. 
80:  London,  1767.    See  also  Speech  of  John  Hudson,  the  Cayuga  Chief,  a.  d.,  1758. 
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that  the  Delaware  warrior  did  not  hesitate  to  go  upon  the  warpath 
whenever  it  suited  his  pleasure  to  do  so.*  Probably  the  true  explana- 
tion of  this  seeming  inconsistency  is  to  be  found  in  the  fact  that  whilst 
the  Delawares,  as  a  tribe,  were  prohibited  from  exercising  any  of  the 
rights  of  an  independent  people,  yet  the  individual  warrior,  in  the  en- 
joyment of  that  wide  personal  liberty  to  which  every  Indian  east  of  the 
Mississippi  seems  to  have  been  born,  consulted  his  own  convenience  as 
to  when  or  with  whom  he  should  fight,  and  when  or  how,  if  at  all,  he 
should  aid  the  women  in  the  work  of  cultivating  the  fields. 

In  Virginia,  among  the  tribes  composing  the  Powhatanic  confederacy 
and  the  adjoining  nations,  com  was  raised  in  great  abundance,  though 
there  were  times  when,  owing  to  improvidence  or  a  failure  of  the  crops, 
the  Indians  suffered  more  or  less  from  want.  Capt.  Smith,  in  the  course 
of  one  of  the  many  expeditions  made  in  order  to  supply  the  starving 
colonists  with  food,  says  that  he  could  have  loaded  a  ship  with  it;t 
and  in  his  letter  to  the  Queen  on  the  occasion  of  the  visit  of  the  "  Lady'' 
Pocahontas  to  England,  after  acknowledging  his  personal  obligations 
to  that  "tender  virgin,''  he  tells  us  that  for  two  or  three  years  "shee, 
next  under  God,  was  still  the  instrument  to  preserve  this  colonic  from 
deathe,  famine,  and  utter  confusion."  {  We  are  also  told  that  they  had 
stockaded  forts,§  and  that  their  houses  were  built  in  the  midst  of  their 
fields  or  gardens,  "which  are  small  plots  of  ground,"  ranging  from  20 
to  200  acres. II  Each  household  is  said  "to  know  their  own  lands  and 
gardens,  and  must  live  of  their  own  labors ;"fl  and  the  limits  within 

at  a  conference  held  at  Burlington,  in  ArchaBologia  Americana,  vol.  ii,  p.  48.  In  this 
connection,  and  as  showing  the  similiarity  of  cnstoms  among  the  Indians,  it  is  of 
interest  to  note  that  the  Creeks  claimed  to  have  put  petticoats  upon  the  Cherokees,* 
and  at  the  treaty  of  Augusta,  in  reply  to  the  statement  of  the  Georgians  "that  they 
had  bought  a  certain  piece  of  land  from  the  Cherokees,"  a  Creek  chief  started  to  his 
feet,  "and,  with  an  agitated  and  terrific  countenance,  frowning  menaces  and  dis- 
dain, fixed  his  eyes  on  the  Cherokee  chiefs  and  asked  them  what  right  they  had  to 
give  away  their  lands,  calling  them  old  women,  and  saying  that  they  had  long  ago 
obliged  them  to  wear  the  petticoat."  Bartram,  Travels  through  Florida,  p.  486: 
Philadelphia,  1791. 

*Heckewelder,  Historical  account  of  the  Indian  Nations,  including  the  Introduction, 
where  this  subject  is  discussed  at  length  from  the  point  of  view  of  the  Delawares. 

tCapt.  Smith,  Netps  from  Virginia,  p.  20  of  the  reprint  by  Charles  Dean,  Esq. : 
Cambridge,  1866. 

tSmith,  Virginia,  p.  121:  London,  1632.  "It  pleased  God,  after  awhile,  to  send 
these  people  -  -  -  to  relieve  us  with  victuals,  as  Bread,  Come,  Fish,  and  Flesh 
in  great  plenty,  which  was  the  setting  up  of  our  feeble  men,  otherwise  we  all  had 
perished.  Also  we  were  frequented  by  divers  Kings  in  the  Countrie,  bringing  us 
store  of  provision  to  our  great  comfort.''  Master  Geo.  Percy,  in  I^irchae  Pilgrims, 
vol.  IV,  p.  1690:  London,  1625. 

$Capt.  Smith,  in  Purchas  Pilgrims,  vol.  iv,  pp.  1693-4:  London,  1625.  Beverly, 
Virginia,  book  lu,  p.  12:  London,  1705.  Hariot  in  Uakluyt,  Voyages,  voL  in,  p.  329: 
London,  1810. 

11  Smith,  in  Purchas  Pilgrims,  vol.  iv,  p.  1698 :  London,  1625. 

irZW<i.,p.l698. 
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which  each  might  "fish,  fowle,  or  hunt^  seem  to  have  been  not  less 
accurately  determined.*  As  to  the  part  taken  by  the  men  in  the  field 
work,  our  authorities  are  not  agreed.  According  to  Capt.  Smith,  who 
is  not  very  clear  upon  this  point,  the  women  plant  and  gather  the  com,  t 
though  elsewhere  he  speaks  of  the  "King  (Powhatan)  himself  making^ 
his  own  robes,  shoes,  bowes,  arrows,  pots,  planting,  also  hunting,  and  do- 
ing offices  no  less  than  the  rest."  His  account  of  the  manner  of  making 
a  "  clearing''  is  also  somewhat  obscure,  and  may  be  interpreted  to  mean 
that  this  part  of  the  labor  was  performed  by  the  men.  Be  this  aa  it 
may,  however,  other  writers  are  more  explicit.  Hariot  and  Beverly 
confirm  what  is  said  as  to  the  supply  of  com ;  and  the  former  asserts 
directly,  and  the  latter  by  implication,  that  the  men  did  take  part  in 
the  field  work.|  They  also  did,  more  or  less,  trade  among  themselves, 
exchanging,  among  other  things,  their  "countrie  corne"  for  copper, 
beads,  and  such  like.§  Slavery  may  also  be  confidently  said  to  have 
existed  among  them;  for,  although  the  evidence  on  this  point  is  not  as 
full  and  clear  as  it  might  be,  yet  the  fact  is  plainly  deducible  from  the 
statement  that  ^^they  made  war,  not  for  lands  or  goods,  but  tor  women 
and  children,  whom  they  put  not  to  death,''  but  kept  as  captives,  in 
which  capacity  they  were  made  "to  do  service." || 

The  Garolinas  were  held  by  a  number  of  tribes  belonging  to  differ- 
ent linguistic  families,  though  with  but  little  or  no  difference  in  their 
manners  and  customs.  The  Tuscaroras,  a  Huron  tribe,  occupied  the 
country  adjacent  to  the  Chowan  River  and  its  tributaries,  in  the  west- 
em  part  of  Korth  Carolina,  until  about  the  year  1713-'16,  when,  owing 
to  their  defeat  by  the  whites,  and  the  destraction  of  their  fort,  they 
ffed  to- the  north,  and  took  refuge  among  the  Iroquois,  forming  the 
sixth  nation  in  that  confederacy.^  In  the  western  part  of  South  Caro- 
lina lived  the  Catawbas,  who  are  chiefly  known  on  account  of  the  long 

•  Capt.  Smith,  in  Purchas'  Pilgrims,  vol.  i v,  p.  1703. 

ilhid.,  pp.  1698, 1709  (vol.  iv). 

f  Ail  the  aforesaid  commoditieB  *'  (com,  beauB,  peaze,  etc.)  '^for  victual  are  set 
or  sowed  some  time  in  grounds  apart  and  severally  by  themselves,  but  for  the  most 
part  mixtly.  -  -  -  A  few  days  before  they  sowe  or  set,  the  men  with  wooden  in- 
struments, made  almost  in  form  of  mattocks^  or  hoes  with  long  handles;  the  women 
with  short  pickers  or  parers,  because  they  use  them  sitting,  of  a  foot  long,  and  about 
5  inches  in  breadth,  doe  only  break  the  upper  part  of  the  ground  to  raise  up  the 
weeds,  grasse,  and  old  stubs  of  corn-stalks  with  their  roots.''  Hariot  in  Hakluyt, 
VoyageSy  vol.  ill,  p.  329:  London,  1810.  "  Indian  com  was  the  staff  of  Food  upon 
which  the  Indians  did  ever  depend.  -  -  -  It  was  the  families  dependance,  and 
the  support  of  their  women  and  children.''  Beverly,  Virginia,  part  n,  p.  29:  London, 
1705.  At  their  com  feast  they  boast  in  their  songs  **  that  their  come  being  now 
gathered,  they  have  store  enough  for  their  women  and  children ;  and  have  nothing 
to  do  but  go  to  war,  travel,  and  seek  out  new  adventures."    Ibid,  part  iii,  p.  43. 

^  Capt.  Smith,  in  Purchas  Pilgrims,  vol.  iv,  p.  1701 :  London,  1625. 

U  Ibid,,  I.  c,  pp.  1699,  1700.  "The  werowance,  women  and  children,  became  his 
prisoners,  and  doe  him  service."    Ibid,,  p.  1704. 

5r  Arch<eologia  Americana,  vol.  ii,  p.  80,  et  $eq. 
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and  relentless  war  whlcli  they  waged  against  the  Iroquois.  They  were 
extensively  engaged  in  growing  corn,  as  Adair  speaks  of  one  of  their 
old  fields  that  was  7  miles  in  extent,  and  argues  that  the  tribe  must 
have  been  very  populous  to  cultivate  so  much  land  with  their  dull  stone 
axes.*  In  the  interior,  and  along  the  coast  of  these  two  States,  there 
dwelt  a  number  of  small  tribes,  whose  names  have  scarcely  come  down 
to  us.  In  1700-'01  Lawson  travelled  through  this  region,  and  much  that 
we  know  of  the  people  who  then  lived  here  is  derived  from  his  narra- 
tive. From  it,  we  learn  that  they  cultivated  many  kinds  of  pulse,  part 
of  which  they  ate  green  in  summer,  keeping  great  quantities  for  their 
winter  supply .t  This  they  stored  in  cribs  or  granaries,  which  were 
sometimes  built  on  8  feet  or  posts,  about  7  feet  high,  weM  daubed 
within  and  without  with  loam.t  The  young  men  worked  the  fields,  as 
did  the  slaves,  who,  we  are  told,  were  not  overworked.§  The  women 
never  planted  corn  as  they  did  among  the  Iroquois.  ||  There  were  no 
fences  to  divide  the  fields,  but  "  every  man  knew  his  own;  and  it  scarce 
ever  happens  that  they  rob  one  another  of  so  much  as  an  ear  of  corn, 
which  if  anyone  is  found  to  do,  he  is  sentenced  by  the  elders  to  work 
and  plant  for  him  that  was  robbed  till  he  is  recompensed  for  all  the 
damage  he  has  suffered  in  his  cornfield;  and  this  is  punctually  per- 
formed, and  the  thief  held  in  disgrace  that  steals  from  any  of  his  coun- 
try-folks." fl  In  the  case  of  a  woman  without  a  husband,  and  with  a 
great  many  children  to  maintain,  the  young  men  were  obliged  to  plant 
and  reap  and  do  everything  that  she  was  not  capable  of  doing  herself. 
They  do  not  allow  any  one  to  be  idle,  but  all  must  employ  themselves 
in  some  work  or  other.fl  They  bartered  pipes,  wooden  bowls,  and  ladles 
with  neighboring  tribes  for  raw  skins.**  We  are  also  told  that  the 
poorer  sort  of  white  planters  often  got  them  to  plant,  by  hiring  them 
for  that  season,  or  for  so  much  work.tt 

Of  the  tribes  that  inhabited  Florida,  including  under  that  title 
Georgia,  Tennessee,  Arkansas,  and  all  the  Gulf  States  except  Texas, 
our  accounts  are  very  full  and  explicit.  From  the  time  of  De  Soto, 
A.  D.  1539,  and  even  earlier,tt  corn  was  grown  everywhere  in  great 
abundance.  Indeed,  but  for  the  quantities  seized  by  that  adventurer 
during  the  three  or  four  years  he  passed  in  rambling,  to  and  fro,  over 
the  vast  region  traversed  by  him  on  both  sides  of  the  Mississippi,  he 

•Adair,  History  of  the  American  Indians,  p.  225 :  London,  1775. 
tLawson,  CaroUna,  p.  207 :  London,  1718. 
XPnd.y  pp.  17  and  177. 
J/fttd.,  pp.  179,  232,  198. 
WUnd,,  p.  188. 
f/&Mi.,p.  179. 
*»iWd.,  pp.  58,  176,  208. 
tt/Wd.,p.  86. 

ttCabeca  d©  Vaca,  in  Bnckingham  Smith's  translation,  pp.  41-47:  New  York, 
1871.    Herrera,  History  of  America,  vol.  vi,  pp.  30,  31:  London,  1740. 
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could  not  have  subsisted  his  horde  of  ruthless  followers,  with  their  at- 
tendant trains  of  captives  and  domestic  animals.*  La  Vega,  Biedma, 
and  above  all  the  Knight  of  Elvas,  bear  witness  to  this  fact  on  almost 
every  page  of  their  narratives.!  We  are  also  told  that,  on  both  sides 
of  the  river,  the  natives  lived  in  walled  towns,t  and  that  they  gathered 
every  man  his  own  crop,§  which  they  stored  in  barbacoas||  or  granaries, 
made  somewhat  like  those  in  Carolina. 

Passing  over  an  interval  of  a  hundred  and  fifty  or  two  hundred 
years,  and  coming  down  to  the  eighteenth  century,  we  find  the  condi- 
tion of  affairs  in  all  that  region  practically  unchanged.  The  same 
tribes,  with  scarcely  an  exception,  that  held  the  country  east  of  the 
Mississippi  in  the  time  of  De  Soto  still  possessed  it,  and  lived  substan- 
tially within  the  same  boundaries  as  they  did  when  first  visited.  In 
the  meantime,  the  Mississippi  had  been  explored  from  the  Falls  of  St. 
Anthony  to  its  mouth,  the  French  and  English  had  pushed  their  trad- 
ing posts  everywhere  throughout  the  valley,  and  were  contending  for 
the  possession  of  all  that  vast  domain;  but  the  Indians,  save  when 
brought  into  immediate  contact  with  the  whites,  still  pursued  the  even 
tenor  of  their  way,  and  hunted  and  fought,  danced  and  worshiped,  much 
as  their  ancestors  had  done  some  two  hundred  years  before.  They  built 
their  houses  and  fortified  their  villages  in  much  the  same  manner,Tf  and 
cultivated  their  fields  and  gardens  with  the  same  rude  and  unsatisfac- 


•  '*W©  landed  six  hundred  and  twenty  men  and  two  hundred  and  twenty-three 
horses."  Narrative  of  Biedma,  in  Hist,  Coll,  of  Louisianaj  part  ii,  p.  97.  This  is 
the  smaUest  number  given  by  either  one  of  the  chroniclers  of  this  expedition,  and  it 
is  accepted  for  this  reason.  It  wiU  be  seen  that  no  mention  is  made  of  the  drove  of 
hogs,  though  it  must  have  been  large,  as  we  are  told,  I.  c,  p.  104,  that  in  the  at- 
tack made  by  the  Indians  on  the  Spaniards  when  in  winter  quarters  at  Chica^a, 
they  destroyed  "  three  hundred  hogs,"  besides  fifty-seven  horses.  The  Gentleman 
of  Elvas  says  "  fifty  horses  and  four  hundred  hogs." 

f  In  the  bams  and  in  the  fields  great  store  of  maize.  -  -  -  Many  sown  fields 
which  reached  from  one  (town)  to  the  other,"  p.  152.  "  In  the  town  was  great  store 
of  old  maize,  and  great  quantities  of  new  in  the  fields,"  p.  172.  .  -  .  <^  The  maize 
that  was  in  the  other  town  was  brought  hither;  and  in  all  it  was  esteemed  to  be  six 
thousand  hamegs  or  bushels,"  p.  203.  -  -  -  *'As  soon  as  they  came  to  Cale,  the 
governor  commanded  them  to  gather  aU  the  maize  that  was  ripe  in  the  fields,  which 
was  sufficient  for  three  months,"  p.  130:  Narrative  of  the  expedition  of  Hernando  de 
Soto,  by  a  Gentleman  of  Elvas,  in  Hist  Coll,  of  Lmtmana,  part  ii.  '*  De  Soto  did 
not  kill  any  of  his  hogs,  because  they  found  plenty  of  provisions :"  Herrera,  vol.  v, 
p.  312:  London,  1740.  "Caciquess"  of  Cofachiqui  '^had  2,000  bushels  of  maize  in 
one  of  her  towns:"  Ibid,,  p.  317. 

t  Gentleman  of  Elvas  and  Biedma,  in  Hist.  Coll.  of  Louisiana^  part  n,  pp.  108, 104, 
160, 172 :  Philadelphia,  1850.  Garcilasso  de  la  Vega,  seconde  partie,  pp.  19-37 :  Paris, 
1709. 

$  A  brief  note,  -  -  -  taken  out  of  the  44th  chapter  of  the  Discovery  of  iht 
Inland  of  Florida  on  the  backside  of  Virginia,  begun  by  Fernando  de  Soto,  a.  d.  1539, 
in  Mass.  Hist.  Coll.,  Vol.  viii,  third  series,  p.  115. 

II  Gentleman  of  Elvas,  I.  c,  p.  137. 

f  Du  Pratz,  History  of  Louisiana^  vol.  ii,  p.  251 :  London,  1763.  Dumont,  Memoir 
in  Hist.  Coll.  of  Louisiana,  part  v,  p.  108:  New  York,  1853. 
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tory  implemcBts.  *  In  all  this  they  did  not  differ  from  their  neighbors 
to  the  North ;  in  fact,  so  similar  were  their  forms  of  government,  their 
customs,  and  their  religious  beliefs,  that,  mutatis  mutandis j  the  accounts 
given  of  the  Hurons  and  Algonquins  might,  with  but  little  change,  be 
applied  to  the  tribes  living  south  of  the  Ohio,  t  In  one  or  two  particu- 
lars, however,  there  seems  to  have  been  some  improvement,  notably  in 
their  organized  system  of  relief  for  the  poor  and  needy,  which  seems 
to  have  existed  from  the  earliest  period,}  and  in  the  provision,  made  at 
harvest  time  for  the  exercise  of  tribal  hospitality,  and  for  defraying, 
what  may  be  justly  termed,  public  expenditures.§  In  their  method, 
too,  of  preventing,  or  rather,  punishing  laziness,  which  they  did  by 
fine,||  they  showed  an  advance  in  social  science  that  is  worthy  of  all 
commendation.  Among  them  corn  was  the  staple  article  of  food,fl  and 
was  cultivated  in  great  quantities,  their  fields  not  unfrequently  being 
measured  by  miles  instead  of  by  aeres.**  The  work  was  done  in  com- 
mon, though  the  fields  were  divided  by  proper  marks,  and  the  harvest 
was  gathered  by  each  family  separately .tt    The  men  are  said  to  have 

*  See  antCy  foot-note  t,  on  page  509. 

tLafitau,  Moeurs  des  Sauvages  Ameriquains,  vol.  I,  p.  530:  Paris,  1724. 

t**Cacique8e  of  Cofachiqui  had  two  BtorehouHes  for  the  relief  of  the  needy:" 
Herrera,  vol.  v,  p.  316:  London,  1740.  Timberlake,  who  visited  the  Cherokces, 
A.  D.  17H1,  and  accompanied  a  delegation  of  them  to  England,  describes  their  method 
of  relieving  the  poor,  which  resembles,  in  some  respects,  the  *' begging  dance"  of 
the  Indians  of  the  Plains:  MemoirSj  p.  68:  London,  1765. 

$  ''Previous  to  their  carrying  off  their  crops  from  the  field,  there  is  a  large  crib 
or  granary,  erected  in  the  plantation,  which  is  called  the  King's  crib ;  and  to  this 
each  family  carries  and  deposits  a  certain  quantity,  according  to  his  ability  or  in- 
clination, or  none  at  all  if  he  so  chooses;  this  in  apearanco  seems  a  tribute  or  reve- 
nue tc  the  mioo,  but  in  fact  is  designed  for  another  purpose,  t.  e.,  that  of  a  public 
treasury,  supplied  by  a  few  and  voluntary  contributions,  and  to  which  every  citi- 
zen has  the  right  of  a  free  and  equal  access,  when  his  own  private  stores  are  con- 
sumed, to  serve  as  a  surplus  to  fly  to  for  succor,  to  assist  neighboring  towns,  whose 
crops  may  have  failed,  accommodate  strangers  or  travelers,  afford  provisions  or  sup- 
plies when  they  go  forth  on  hostile  expeditions,  and  for  all  other  exigencies  of  the 
State:"  Bartram,  Travels  through  Florida,  p.  512:  London,  1791.  The  Huron-Iro- 
quois also  had  a  public  treasury,  which  contained  wampum,  Indian  corn,  slaves, 
fi*esh  and  dried  meat,  and,  in  fact,  anything  else  that  might  serve  to  defray  the 
» public  expenses.    See  Lafitau,  vol.  i,  p.  508,  and  vol.  ii,  p.  273. 

II  **  The  delinquent  is  assessed  more  or  less,  according  to  his  neglect,  by  proper 
officers  appointed  to  collect  those  assessments,  which  they  strictly  fulfill  without 
the  least  interruption  or  exemption  of  any  able  person :"  Adair,  History  of  American 
IndianSy  p.  430:  London,  1763.    Compare  Lawson,  Cavolinay  p.  179:  London,  1718. 

f  Chief  produce  and  main  dependence : "  Adair,  p.  407.  "  Principal  subsistence : " 
Du  Pratz,  History  of  LouisianOy  vol.  ic,  p.  239:  London,  1763.  "Common  food  of 
the  Creeks  is  Indian  corn : "  Schoolcraft,  Indian  TribeSy  vol.  v,  p.  264.  '*  They  sow 
their  maize  twice  a  year:"    Laudonuiere,  in  Hist.  Coll,  of  Louisianaj  part  p.  174. 

**  Adair,  pp.  225,  353,  411:  London,  1763.  Bartram,  Travels  through  Florida,  pp. 
54,  332,  350,  352,  354:  Philadelphia,  1791.  Narrative  of  Joutel,  in  Margry,  vol.  iii^ 
p.  462:  Paris. 

ft  Bartram,  p.  512.    Adair,  p.  430,    Rpm^s,  Ewt  and  West  Florida,  p.  87, 
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aided  in  the  field-work.  Indeed^  so  general  was  this  custom,  that  I  do 
not  know  of  a  single  prominent  tribe  living  east  of  the  Mississippi  and 
within  the  limits  named,  in  which  this  can  not  be  shown  to  have  been 
the  case.*  The  Choctaws,  as  we  have  seen,  were  a  nation  of  farmers, 
and  helped  their  wives  in  the  labors  of  the  field  and  in  many  other 
kinds  of  work  ;t  the  Muscogees  rarely  went  to  war  until  they  had 
helped  the  women  to  plant  a  sufficient  plenty  of  provisions,}  and  Haw- 
kins tells  us  that  to  constitute  a  legal  marriage  among  them,  a  man 
must,  among  other  things,  ^'  build  a  house,  make  his  crop,  and  gather 
it  in,  then  make  his  hunt,  and  bring  home  the  meat;^  and  that  when 
all  this  was  put  in  possession  of  the  wife,  the  ceremony  was  ended,  or 
as  the  Indians  express  it  "the  woman  was  bound,  and  not  till  then.'^§ 
Among  the  Katchez  and  kindred  tribes,  the  men  not  only  cleared 
the  fields  and  worked  the  crops,||  but  in  one  field,  that  in  which  was 
raised  the  corn  destined  for  use  in  the  feast  of  the  "Busk"  or  First 
Fruits,  the  ground  was  prepared  and  cultivated  by  the  warriors  alone, 
and  the  women  were  not  allowed  to  take  any  part  in  the  work  at  any 
stage.11  Slavery  was  common  among  all  these  nations  from  the  earlies 
times,  as  it  was  also  among  tribes  belonging  to  the  Huron  and  Algon- 
quin families  of  the  North,  that  being  the  usual  lot  of  the  captives, 
especially  of  the  women  and  children.  In  the  time  of  De  Soto  we  are 
told  that  some  of  these  tribes  had  many  "foreign  Indian  slaves, 
taken  in  war,  whom  they  put  to  tilling  the  ground  and  other  sorts  of 
labor;  and  that  they  might  not  run  away,  they  used  to  cut  their  heels, 
or  some  sinews  in  their  legs,  so  that  they  were  all  lame.^**  At  a  later 
time,  the  custom  of  enslaving  captives  still  existed,  tt  though  I  do  not 
find  that  they  were  mutilated  in  order  to  prevent  their  escape.  It  is 
quite  probable  however  that  this  was  still  sometimes  done,  as  Lawson 


*  Landonniere,  I,  c,  p.  174.  Bartram,  pp.  194,  226,  512.  Adair,  pp.  407-430. 
Romans,  p.  85.  Memoir  of  Tonti,  in  Hist,  Coll,  of  LouisiatMj  vol.  i,  p.  63  Le 
Moyne,  plate  xxi:  Frankfort  ad  Moenum,  1591. 

t  Bernard  Romans,  East  and  West  Floriday  pp.  71,  83,  85 :  London. 

X  Adair,  History  of  American  Indians^  p.  255 :  London,  1775. 

$  Sketch  of  the  Creek  Country,  in  Collections  Georgia  Hist.  Soc,^  p.  42.  School- 
craft, Indian  Tribes  of  the  United  States,  vol.  v.,  p.  267. 

II  Dti  Pratz,  Histf  of  Louisiana,  vol.  ii,  pp.  168-189 :  London,  1763.  Among  the 
Tonicas  on  west  side  of  the  Mississippi,  ^Hhe  men  do  what  peasants  do  in  France; 
they  cultivate  and  dig  the  earth,  plant  and  harvest  the  crops,  cut  the  wood  and 
bring  it  to  the  cabin,"  etc.  Father  Gravier,  in  Shears  Early  Voyages,  p.  134 :  Albany, 
1861.    Compare  St.  Cosme  in  same,  p.  81. 

f  Du  Pratz,  vol.  ii,  p.  189. 

**Herrera,  History  of  America,  vol.  v,  p.  320:  London,  1740. 

ttM.  Penicaut,  in  Hist,  Coll.  of  L<m<«ia no,  new  series,  pp.  123, 124 :  New  York,  1869. 
Brinton,  Floridian  Peninsula^  p.  141 :  Philadelphia,  1859.  Bartram,  Dravels  through 
Florida,  pp.  186, 213, 507.  Narrative  of  La  Sailers  voyage  down  the  Mississippi  by 
Father  Membr^,  in  Discovery  and  Exploration  of  the  Mississippi,  p.  171 :  New  York, 
1852.  Du  Pratz,  Louisiana,  vol.  ii,  p.  249.  Schoolcraft,  Indian  Tribes,  vol.  v,  p.  260. 
Timberlake,  Memories  relating  to  the  Cherokees,  p.  90 :  London,  1765.  Herrera,  vol. 
VI,  p,  260:  London,  1740. 
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speaks  of  an  Indian  captive  who  had  been  thus  treated  by  the  Senecas, 
but  who  had  nevertheless  managed  to  escape  and  find  his  way  back 
to  North  Carolina  in  that  crippled  condition.*  These  nations  excelled 
in  manufactures,  such  as  pipes,  pottery,  and  wickerwork,t  and  seem 
always  to  have  had  more  or  less  traffic  among  themselves.  J  Indeed, 
Herrera  speaks  of  "merchants  that  travelled  up  the  country,^  and  the 
experience  of  Cabeja  de  Vaca  among  the  Indians  of  Texas,  as  a  dealer 
in  flint  and  other  articles,  which  he  brought  from  the  interior  and  bar- 
tered with  the  Indians  of  the  coast,  would  seem  to  be  decisive  as  to 
the  existence  among  them  of  a  class  of  pedlers.  § 

Of  the  tribes  that  lived  on  the  west  bank  of  the  Mississippi,  our  ac- 
counts are  not  so  fullj  but  from  what  we  do  know  of  them,  it  is  safe  to 
say  that  in  their  manner  of  life  they  did  not  diflfer  materially  from 
their  neighbors  on  the  other  side  of  the  great  river.  In  the  time  of  La 
Salle,  A.  D.  1682,  they  lived  in  fixed  villages  {'<  sedentaires"),||  as  they 
had  done  some  hundred  and  fifty  years  before,  when  De  Soto  swept 
through  that  country  like  a  tornado,  and  they  still  cultivated  com  in 
gre.at  abundance,  fl  Peach,  plum,  and  apple  trees  were  found  among 
the  tribes  living  near  the  mouth  of  the  Arkansas  ;••  and  these  same 
tribes  are  said  to  have  had  great  quantities  of  domestic  fowls,  including 
flocks  of  turkeys ;  tt  in  short,  to  have  been  "  half-civilized."  +{    As  Joutel 

•  Lawson,  Carolina,  p.  53 :  London,  1718. 

tAdair^p.  423:  London,  1775.  Du  Pratz,  lA>ui%ianay  book  I v,  chap,  iii,  sec.  5 :  Lon- 
don, 1763. 

tHerrera,  vol.  v,  p.  310:  London,  1740.  Landonniere  in  Haklnyt's  Voyages^  vol. 
Ill,  p.  369:  London,  1810.  Schoolcraft,  Indian  Tribes  of  ike  United  States,  voL  v, 
p.  692. 

^''With  my  merchandiBe  and  trade  I  went  Into  the  interior  as  far  as  I  pleased, 
and  travelled  along  tbo  coast  40  or  50  leagues.  The  principal  wares  were  cones 
and  other  pieces  of  sea  snail,  conches  nsed  for  cutting,  and  fruit  like  a  bean,  of  the 
highest  value  among  them,  which  they  use  as  a  medicine,  and  employ  in  their  dances 
and  festivities.  Among  other  matters  were  sea  beads.  Such  were  what  I  carried 
into  the  interior;  and  in  barter  I  got  and  brought  back  skins,  ochre,  with  which 
they  rub  and  color  the  fac,  hard  canes  of  which  to  make  arrows,  sinews,  cement, 
and  flint  for  the  heads,  and  tassels  of  the  hair  of  deer,  that  by  dyeing  they  make  red. 
*rhi8  occupation  suited  me  well ;  for  the  travel  allowed  me  liberty  to  go  where  I 
wished.  I  was  not  obliged  to  work,  and  was  not  treated  as  a  slave.  Wherever  I 
went  I  received  fair  treatment,  and  the  Indians  gave  me  to  eat  out  of  regard  to  my 
commodities."  Relation  of  Cabe^a  de  Vaca,  translated  by  Buckingham  Smith,  pp. 
85,  et  seq.:  New  York,  1871.  - 

Ij  Memoirs  of  the  Sieur  de  Tonti,  in  Hist.  Coll.  of  Louisiana^  p.  64. 

^  Narratives  of  Fathers  Marquette  and  Monibre,  in  Discovery  and  Exploration  of 
the  Mississippif  pp.  48,  169,  177.  Memoir  of  Touti,  and  Joutel's  Journal,  both  in 
Hist.  Coll.  of  Louisiana  J  part  i,  pp.  63,  65,  151,  153,  163,  etc.  The  latter  author  in 
Margry,  vol.  iii,  p.  462,  Paris,  tells  us  that  the  Kappas  had  a  field  a  league  in  length 
by  li  m  width. 

••Tonti,  /.  r..p.  61. 

ft  Narrative  of  Father  Membrd,  I.  c,  p.  169. 

ttlhid.f  p.  172.     **  Nothing  barbarous  but  the  name."     Narrative  of  Father  Douay, 
in  Discovery  and  Exploration  of  the  Mississippif  p.  203. 
H.  Mis.  334,  pt.  1 34 
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tells  us  that  there  was  but  little  diflfereuce  in  the  religion,  manners, 
clothing,  and  houses  of  the  nations  inhabiting  this  region,*  it  seems 
fair  to  conclude  that  the  others  were  not  behind  the  favored  few  in  all 
that  contributed  to  the  physical  comfort  and  well-being  of  a  people. 
Their  men  cleared  the  ground,  and  aided  in  the  work  of  the  fields;! 
and  among  the  Tensas,  they  had  so  far  anticipated  modern  methods, 
that  in  one  *'  clearing,''  called  by  them  "  the  field  of  the  spirit,"  they 
are  said  to  have  worked  to  the  music  of  the  drum.f  The  labor  of  the 
fields  was  done  in  common,  though  each  family  had  its  own  particular 
plot  of  ground.  §  The  harvest  was  gathered  separately  by  each  family, 
and  was  stored  in  magazines,  or  in  large  baskets  made  of  cane,  or  in 
gourds  as  large  as  half  barrels.  ||  In  other  respects,  too,  individual 
rights  seem  to  have  been  respected.fl  Slavery  existed  among  the  Tensas 
and  other  tribes  who  are  said  to  have  had  the  same  customs.  ••  They 
had  more  or  less  traffic  with  other  tribes,  especially  in  bows,  in  the 
manufacture  of  which  the  Caddoes  are  said  to  have  excelled,  tt 

Ascending  the  Mississippi,  we  find  among  the  Algonquin  tribes  of 
the  Northwest  a  condition  of  affairs  very  similar  to  that  which  has  been 
described  as  existing  among  their  kindred  and  neighbors  to  the  east- 
ward. At  the  date  of  the  arrival  of  the  French,  say  in  the  beginning 
of  the  last  quarter  of  the  seventeenth  century,  the  Miamis,  Kickapoos, 
Winnebagoes,  Outagamis  or  Foxes,  and  other  tribes,  were  living  in 
Wisconsin  and  the  northern  part  of  Illinois,  t|  whilst  all  south  of  that, 
extending  as  far  as  the  mouth  of  the  Ohio,  was  held  by  the  Illinois  and 
their  allies,  among  whom  were  a  few  villages  of  Shawnees.  These  lat- 
ter came  later,  having  established  themselves  here  upon  the  invitation 
of  La  Salle,  §§  thous^h  the  home  of  their  tribe  is  said  to  have  been,  at 
this  time,  some  thirty  days'  journey  to  the  east-southeast,  in  what  is 


*Jontel,  Joumalf  L  c,  pp.  151,  152.     Tonti,  /.  c,  pp.  62,  63. 

tTonti  and  Joiitel,  L  r.,  pp.  63-149.  Father  Gravier,  in  Shea's  Early  Voyagetj  p. 
134:  Albany,  1861.  **Men  among  Tonicas  employed  solely  on  their  fields."  St. 
Cosmo,  I,  c,  p.  81. 

tTonti,  7.  c,  p.  62.  Adair,  I,  c,  p.  407,  speaking  of  the  Creeks,  says  that  some- 
times when  at  work  in  the  fields,  **  one  of  their  orators  cheers  them  with  jests  and 
humorous  old  tales,  and  sings  several  of  their  most  agreeable  wild  tunes,  beating 
also  with  a  stick  in  his  right  hand  on  the  top  of  an  earthen  pot  covered  with  a  wet 
and  weU-stretched  deerskin.*'  Compare  also  Lawson,  Carolinaf  p.  175;  London, 
1718. 

$  Joutel,  Journal y  L  c,  p.  149.     Charlevoix,  KouveVe  France,  vol.  ill,  pp.  21,  22. 

\iMemo\r  of  the  Sieur  de  Tonti,  I.  c,  p.  61.     Narrative  of  Father  Marquette,  p.  48. 

f  In  their  cottages  "they  have  nothing  in  common  besides  the  fire."    Joutel,  p.  148. 

**  Narrative  of  Father  Membr^,  pp.  171-182.  In  his  Memoir,  Tonti,  p.  61,  speaks  of 
the  **maitre  d'hotel"  to  the  chief  of  the  Tensas.  See  also  Joutel,  Joumalf  p.  160. 
and  La  Harpe  in  EUt.  Coll,  of  Louisianay  part  iii,  p.  68. 

ft  Tonti,  p.  73. 

tt  Narrative  of  Father  Marquette,  pp.  13-22. 

J  J  Memoir  of  Tonti,  p,  66.    Narrative  <>f  Father  Mewbr^,  L  o.,  p,  163. 
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now  known  as  the  State  of  Kentucky,*  where  they  seem  to  have  taken 
refuge  after  their  expulsion  from  the  region  south  of  the  lakes  by  the 
Iriquois.t  Among  all  these  nations  corn  was  cultivated  in  quantities^ 
and  was  preserv^ed  in  caches4  The  field  work  seems  to  have  been  left 
to  the  women  §  and  slaves.  There  was  also  a  class  of  boys  or  men  who 
were  employed  only  in  women's  work,  and  who  did  not  take  part  either 
in  war  or  hunting.  It  is  possible  that  they  were  simply  captives  or 
slaves,  though  upon  this  point  the  evidence  is  conflicting.  ||    It  is  cer- 


*  Life  of  Father  Marquette,  p.  56,  and  also  p.  41  of  his  NarraHvCf  both  in  Shea's 
Discovery  and  Exploration  of  the  MisHsaippi.  In  the  ohl  maps,  the  Cumberland  is 
put  down  as  the  river  of  the  Chaouanons. 

f  Colden  {Five  Katiomy  pp.  23  and  25:  London,  1767)  says  the  Shawnees,  or,  as  he 
calls  them,  the  Satanas,  formerly  lived  on  the  banks  of  the  lakes,  and  that  they 
were  the  first  people  against  whom  the  Five  Nations  turned  their  arms,  after  their 
defeat  and  expulsion  from  the  region  near  Montreal  by  the  Adirondacks.  There  is 
reason  to  believe  that  this  took  place  in  the  latter  part  of  the  sixteenth  century. 

t  **  The  soil  is  good,  producing  much  corn,*' p.  14.  -  -  -  "They  live  -  -  -  on 
Indian  corn,  of  which  they  always  gather  a  good  crop,  so  that  they  have  never  suf- 
fered by  famine,"  p.  33  of  Narrative  of  Marquette.  **They  live  on  Indian  com  and 
other  fruits  of  the  earth,  which  they  cultivate  on  the  prairies  like  other  Indians :'' 
Narrative  of  Father  Allonez,  p.  75.  "  The  richness  of  their  country  gives  them  fields 
everywhere:"  Narrative  oi  Father  Membrd,  p.  151.  All  these  are  published  in  the 
Diacovery  and  Exploration  of  the  Miaaiasippi  by  John  Gilmary  Shea :  New  York,  1852. 
'^This  is  a  place  of  great  trade  for  skins  and  Indian  corn,  which  these  savages  sell  to 
the  Coureurs  de  Bois : "  La  Hontan,  Voyagea  i,  p.  105 :  London,  1703.  See  also  Me- 
moir of  Tonti,  I.  c.f  p.  54. 

§  Joutel,  p.  187.  Kips,  Miaaionaj  p.  38.  Father  Marest,  in  note  to  p.  25  of  Shears 
Diacovevy  and  Exploration  of  the  Miaaiaaippi.  There  is  room  however  for  doubt 
on  this  point,  as  Charlevoix  {Lcttera^  p.  293:  London,  1763)  speaks  of  the  Illinois  as 
cultivating  the  land  after  their  fashion  and  as  being  very  laborious ;  and  in  Haw- 
kins' Sketch  of  the  Creek  Country,  p.  34,  we  are  told  that  "the  Shawnees,"  some  of 
whom,  at  that  time,  lived  among  the  Creeks,  '*  were  very  industrious,  worked  with 
the  women,  and  made  plenty  of  corn." 

H Father  Membrd,  p.  151.  Marquette,  !>.  34,  says:  "Through  what  superstition  I 
know  not,  some  Illinois  as  well  as  some  Nadouessi,  while  yet  young,  assume  the 
female  dress,  and  keep  it  all  their  life.  There  is  some  mystery  about  it,  for  they 
never  marry,  and  glory  in  debasing  themselves  to  do  all  that  is  done  by  women ;  yet 
they  go  to  war,  though  allowed  to  use  only  a  club,  and  not  the  bow  and  arrow,  the 
peculiar  arm  of  the  men;  they  are  present  at  all  juggleries  and  solemn  dances  in 
honor  of  the  calumet;  they  are  permitted  to  sing,  but  not  to  dance;  they  attend  the 
councils,  and  nothing  can  be  decided  without  their  advice;  finally,  by  the  profes- 
sion of  an  extraordinary  life,  they  pass  for  manitous  (that  is,  for  genii)  or  persons 
of  consequence."  Compare  Lafitau,  vol.  i,  pp.  52  and  53,  and  Lawson's  Carolina,  p. 
208.  Father  Membr<^,  I.  c,  Hennepin,  and  La  Hontan  tell  us  that  these  men  were 
reserved  for  an  unnatural  purpose,  which,  according  to  Charlevoix  (Letters,  p.  213) 
and  Long  (Expedition  to  the  Rocky  Mountains,  vol.  i,  p.  129:  Philadelphia,  1823), 
may  have  been  a  religious  rite  or  the  result  of  a  dream.  We  are  told  that  the  cus- 
tom existed  among  the  Choctaws,  Delawares,  and  also  among  the  Indians  of  Florida, 
though  it  is  denied  by  Lawson,  as  far  as  the  tribes  of  the  Carolinas  are  concerned.  It 
is  said  to  prevail  as  a  religious  rite  among  some  of  the  Pueblo  Indians  of  New  Mexico ; 
and  Miss  Alice  C.  Fletcher  informs  me  that  during  her  residence  among  the  tribes  of 
the  Upper  MiBSoori  she  saw  one  instance  of  a  man  so  clothed,  and  this  was  caused 
by  a  dream. 
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tain,  however,  that  slavery  was  very  common  among  them,  that  being 
the  usual  fate  of  captives  <^  taken  from  distant  nations  in  the  south  and 
west,  where  the  Illinois  go  to  carry  off  slaves,  whom  they  make  an 
article  of  trade,  selling  them  at  a  high  price  to  other  nations  for  goods.''* 
These  tribes  lived  in  villages,  some  of  which  were  very  large,  and  they 
also  had  forts  or  strongholds  for  defense  in  case  of  necessity.! 

Passing  over  an  interval  of  sixty  or  seventy  years,  and  coming  down 
to  the  middle  of  the  eighteenth  century,  we  find  the  Shawnees  and 
Miamis  again  established  in  Ohio  and  Indiana,  in  company  with  the 
Wyandottes,  Delawares,  Pottawatamies,  and  other  tribes.  Just  about 
this  time,  too,  the  white  settlers  began  to  push  tlieir  way  across  the 
Alleghany  Mountains  into  the  valley  of  the  Ohio,  and  this  brought  on 
that  long  and  bloody  struggle  between  the  two  races  which  only  ended 
with  the  expulsion  of  the  Indians  from  all  that  territory,  and  their 
establishment  on  reservations  west  of  the  Mississippi.  Time  and  again 
they  "dug  up  the  hatchet,''  in  order  to  stay  the  tide  of  immigration, 
and  though  for  a  while  they  spread  terror  all  along  the  ftx)ntier,  yet, 
in  the  end,  they  were  always  obliged  to  yield  to  the  superior  force  and 
military  skill  and  discipline  of  the  whites.  After  every  such  outbreak 
they  found  themselves  weaker  than  before.  In  retaliation  for  the  out- 
rages which  they  undoubtedly  committed,  their  country  was  invaded,} 
their  villages  burned,  their  crops  destroyed,!  and  as  the  price  of  each 
succeeding  i>eace  they  were  obliged  to  yield  more  or  less  of  the  terri- 
tory that  remained  to  them.    This  is  a  sad  chapter  in  our  national  his- 

•  Narrative  of  Father  Marquette,  p.  32.  Memoir  of  the  Sieur  de  Tonti,  I,  c,  pp. 
56-69-71.  ''The  Sankie  warriors  geuerally  employed  every  summer  in  making  in- 
cnrsions  into  the  territories  of  the  Illinois  and  Pawnee  natious,  from  whence  they 
return  with  a  great  number  of  slaves.  But  those  people  frequently  retaliate:'' 
Carver,  TraveUy  p.  47.  See  also  ibid.,  pp.344  and  345:  London,  1781,  and  Relation 
de  la  Xouvelle  France  en  V  ann^e,  1670,  pp.  91  aud  97:  Qaebec,  1858. 

iBelation  en  V  ann^e,  1670,  pp.  98,  99.  Carver,  TraveUy  p.  36.  Father  Marest,  in 
note  on  p.  31  of  Discovery  and  Exploration  of  the  MiMissippi.  Xarraiire  of  Father 
Allouez  in  same,  p.  74,  with  note.  Charlevoix,  LetterSy  p.  281 :  London,  1763.  Per 
contray  Father  Membr<5,  p.  152,  asserts  that  "Tonti  taught  the  Illinois  how  to  de- 
fend themselves  by  palisades, '^  though  he  himself  makes  no  such  claim.  The  state- 
ment is  improbable. 

t  ''Bowman's  Expedition  to  Mad  River  in  1779,  Clark's  in  1780  and  '82,  Logan's  in 
1786  to  the  head  waters  of  the  Big  Miami,  and  Todd's  in  1788  into  the  Scioto  Valley, 
were  chiefly  directed  against  the  Shawanees:"  Drake,  Life  of  Tecumseky  p.  27. 
Besides  these,  there  were  other  and  more  formidable  invasions,  some  of  which,  like 
that  of  St.  Clair,  a.  d.  1791,  resulted  disastrously  to  the  whites;  whilst  those  of 
Wayne,  1794,  aud  Harrison,  1811,  were  among  the  most  successful,  inasmuch  as  in 
them,  not  only  were  the  cornfields  and  villages  of  the  Indians  destroyed,  but  their 
I>ower  was  hopelessly  shattered  by  defeat. 

$  "  In  1780,  200  acres  of  com  were  destroye<l  at  Piqua :  Life  of  Tecumseh,  p.  29. 
In  1790,  several  villages  and  20,000  bushels  of  com  destroyed  at  the  Miami  viUages 
on  the  head  waters  of  the  Maumec :"  Our  Indian  WardSy  by  George  W.  Manypenny : 
Cincinnati,  1880.  In  1791,  "  400  to  500  acres  of  com,  chiefly  in  the  milk,"  destroyed 
on  the  Wabash:  Butler,  Kentucky ,  p.  198:  Louisville,  1834. 
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tory,  and  yet  perhaps  more  than  any  other,  it  justifies  the  statement 
that  the  Indian  had  made  great  advance  in  the  scale  of  civilization. 
Instead  of  being  the  wandering  barbarian  that  he  is  painted,  without 
fixed  home,  or  any  means  of  subsistence  save  that  furnished  by  the 
chase,  it  presents  him  to  us  in  the  light  of  a  successftd  farmer — a 
worthy  rival,  in  this  respect,  to  his  white  neighbor — fighting  desperately 
a  losing  battle  in  defense  of  all  he  held  most  dear.  Upon  this  point 
Gen.  Wayne  is  certainly  competent  authority.  Writing  from  Grand 
Glaize,  A.  d.  1794,  just  after  the  battle  of  the  Maumee,  and  before  the 
work  of  destruction  had  been  begun,  he  uses  the  following  emphatic 
language :  "  On  the  margins  of  these  beautiful  rivers,  the  Miamis  of  the 
Lake  and  the  Au  Glaize,  appear  like  one  continued  village  tbr  a  num- 
ber of  miles,  both  above  and  below  this  place;  nor  have  I  ever  before 
beheld  such  immense  fields  of  corn  in  any  part  of  America  from  Canada 
to  Florida.* 

This  brings  us  around  to  the  i)oint  from  which  we  started,  and  geo- 
graphically speaking,  completes  the  circuit.  In  the  course  of  the  in- 
vestigation, it  will  be  observed  that  I  have  taken  nothing  for  granted, 
but  have  endeavored  to  substantiate  every  assertion  by  a  reference  to 
undoubted  sources,  retaining  as  far  as  possible  the  very  language  of 
the  authors.  These  citations  might  have  been  multiplied  indefinitely, 
but  it  is  believed  that  enough  have  been  given  to  show : 

(1)  That  the  red  Indians  of  the  Mississippi  Valley  lived  in  fixed  vil- 
lages, which  they  were  in  the  habit  of  fortifying  by  palisades. 

(2)  That  they  raised  corn  in  large  quantities,  and  stored  it  in  caches 
and  granaries  for  winter  use. 

(3)  That  whilst,  as  a  fact,  the  women,  children,  old  men,  and  slaves 
always  cultivated  the  fields,  yet  the  warriors  cleared  the  ground,  and, 
when  not  engaged  in  war  or  hunting,  aided  in  working  and  harvesting 
the  crop,  though  the  amount  of  such  assistance  varied,  being  greater 
among  the  tribes  south  of  the  Ohio,  and  less  among  the  Iroquois  or  Six 
Nations. 

A  frirther  examination  of  these  same  authorities  will  show  that 
slavery  was  more  or  less  common  among  all  the  tribes  east  of  the  Mis- 
sissippi ;  that  the  rights  of  property  were  duly  recognized  and  respected, 
and  that  there  existed  among  them  a  system  of  inter-tribal  traffic,  in 
which,  among  other  things,  corn  and  slaves  were  bartered  for  skins 
and  such  other  articles  as  were  needed. 

n — THE  INDIAN  AS  A  WOBSHIPPEB  OF  THE  SUN. 

The  question  of  subsistence  being  thus  disposed  of,  let  us  now  ex- 
amine into  the  form  of  government  and  the  religious  belief  of  the  mod- 
ern Indians,  in  order  to  see  whether  in  these  particulars  there  were 
any  such  differences  between  the  state  of  affairs  that  can  be  shown  to 


*  Quoted  in  Our  Indian  Wards,  p.  84:  Cincinnati,  1880. 
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have  prevailed  among  them,  and  that  whicli  is  assumed  to  have  existed 
among  the  moand-builders,  as  would  warrant  the  inference  that  they 
could  not  have  erected  these  works.  On  the  part  of  those  who  hold  that 
there  were  such  fundamental  differences,  it  is  contended  that  there  are 
certain  types  of  earth- works  that  were  evidently  designed  for  a  reli- 
gious puri)ose.  They  are  variously  termed  "temple"  mounds  and  "sa- 
cred inclosures,"*  are  found  sometimes  singly  and  sometimes  united  in 
a  more  or  less  complicated  system,  and  are  supposed  to  indicate  that 
the  people  who  built  them  were  devoted  to  the  worship  of  the  sun.t  It 
is  also  asserted  that  the  erection  of  these  works  involved  a  species 
and  an  amount  of  labor  to  which  the  Indian  would  not  have  submitted,} 
and  that  hence  he  did  not  build  them. 

This  is  believed  to  be  a  fair  statement  of  the  argument,  which  upon 
examination  will  be  found  to  be  fatally  defective  in  so  far  as  it  as- 
sumes the  very  jKjint  in  dispute.  To  assert  that  the  Indian  would  not 
have  submitted  to  the  labor  requisite  for  the  construction  of  these 
mounds  is  virtually  to  beg  the  whole  question.  So  far  is  this  fi-om 
being  true,  that  there  is  probably  no  fact  in  American  archaeology 
better  authenticated  than  that  the  red  Indian  has,  within  the  historic 
epoch,  voluntarily  built  both  mounds  and  earth- works.  This  of  itself 
is  a  sufficient  answer  to  the  statement  as  to  what  he  would  or  would 
not  have  submitted  to  in  the  way  of  work,  and,  at  the  same  time,  it 
eflFectually  di8iK)ses  of  the  theory  that  only  despotic  governments  could 
have  controlled  the  amount  of  labor  necessary  to  the  erection  of  these 
works,  since  the  form  of  government  existing  everywhere  throughout 
the  valley  of  the  Mississippi  at  the  date  of  the  arrival  of  the  whites, 
except,  perhaps,  among  the  Natchez  Indians,§  was  as  far  removed  as 
X>ossible  from  anything  that  savored  of  despotism.    Of  course  it  is  not 


*Squier,  Ancient  Monuments  of  the  Mississippi  Valley^  chapters  iii  and  vii:  Wash- 
ington, 1848. 

t  Foster,  Prehistoric  Races  of  the  United  Slates ^  p.  182:  Chicago,  1873.  Short,  North 
Americans  of  Antiquity f  p.  100:  New  York,  1880.  Conant,  Footprints  of  Vanished 
RaceSf  pp.  38  and  60:  St.  Louis,  1879.  McLean,  The  Mound- Builders^  p.  126:  Cincin- 
nati, 1879.  Squier,  /.  c,  p.  49.  Schoolcraft,  Indian  THhes  of  the  United  States,  vol.  v. 
pp.  29  and  61.    C.  C.  Jones,  Antiquities  of  the  Southern  Indians,  p.  22:  New  York,  1873. 

t  Foster,  Prehistoric  Races  of  the  United  States,  p.  349:  Chicago,  1873. 

$  In  the  early  accounts,  the  Bashaba  of  New  England,  the  Werowance  of  Virginia, 
the  Paraconssi  of  Florida,  not  less  than  the  Great  Sun  of  the  Natchez,  are  all  rep- 
resented as  absolute  rulers,  though,  to  anyone  who  will  take  the  trouble  to  read 
between  the  lines,  it  is  evident  that  these  were  simply  other  names  for  the  office  of 
chief  or  sachem,  and  that  the  authority  of  these  rulers  did  not  extend  any  farther 
than  their  power  to  persuade.  Even  Du  Pratz  (whose  account  of  the  civU  polity  of 
the  Natchez  is  most  highly  colored)  virtiially  admits,  vol.  ii,  book  iv,  section  7, 
that  the  war-making  power  in  that  nation  was  vested  in  a  council  of  old  men,  and 
that  when  war  was  once  declared,  the  war  chief  and  not  the  Great  Sun  led  the 
party,  which  was  composed  entirely  of  volunteers.  Under  different  names  we  have 
here  the  Micco  and  Tus-tun-nug-ul-gee  of  the  Creeks  and  the  sachem  and  war  chief 
of  the  Iroquois,  with  no  more  despotism  or  monarchy  in  one  case  than  in  either  of 
the  others. 
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asserted  that  these  works  were  as  large  or  complicated  as  the  famous 
system  on  the  Scioto;  nor  is  it  essential  to  my  argument  that  they 
should  have  been  intended  for  the  same  purpose;  but  that  the  two  were 
identical  in  kind  is  believed  to  be  beyond  dispute,  as  is  also  the  addi^ 
tional  fact  that  among  those  known  to  have  been  erected  by  the  mod- 
ern Indians  there  are  those  that  are  oil  such  a  scale  of  magnitude  as 
to  prove,  beyond  doubt,  that  when  the  motive  was  sufficient  the  Indian 
did  not  hesitate  to  perform,  voluntarily  and  for  an  indefinite  length  of 
time,  the  same  sort  of  manual  labor  as  that  which  was  necessary  for 
the  construction  of  the  more  complicated  series  of  works.  Upon  this 
point  the  evidence  is  very  clear;  and  as  there  was  practically  no  limit 
to  the  time  within  which  these  works  must  have  been  finished,  it  fol- 
lows that  their  erection  by  a  people  living  under  the  same  conditions 
as  the  Indians  must  simply  have  resolved  itself  into  a  question  of  the 
power  and  permanence  of  the  motive  that  impelled  them  to  the  under- 
taking. Clearly,  if  a  regard  for  the  dead,  or  the  necessity  for  self- 
protection,  could  lead  the  people  of  a  single  village  to  erect,  in  one 
case  a  burial  mound  and  in  the  other  a  breastwork  or  fort,  there  can 
be  no  reason  why  a  motive  that  affected  a  whole  tribe  and  continued 
to  influence  successive  generations  might  not  have  led  to  works  as 
much  greater  than  these  as  the  one  motive  is  more  general  and  perma- 
nent than  the  other.  Cologne  cathedral  is,  to  some  extent,  a  case  in 
point.  That  building  was  begun  some  five  hundred  years  ago,  at  a 
time  when  the  religious  feeling  of  the  people  of  that  country  was  wont 
to  manifest  itself  in  such  outward  marks  of  devotion,  and  though  the 
work  has  dragged  as  the  ages  rolled  on  and  opinions  changed,  yet  the 
very  same  motive  or  motives  that  led  to  its  commencement,  acting 
upon  succeeding  generations,  have  resulted  at  last  in  the  completion 
of  that  superb  structure.  This  being  admitted,  and  I  do  not  see  how 
it  can  well  be  denied,  there  only  remains  for  me  to  prove  the  existence 
of  some  adequate  motive  among  the  Indians  in  order  to  justify  the  con- 
clusion that  they  could  have  built  these  works,  even  those  of  the  largest 
size  and  most  complicated  pattern. 

Under  ordinary  circumstances  this  is  a  task  that  I  should  hardly 
venture  to  undertake.  To  attempt  to  point  out  the  motive  that  led  the 
people  of  a  village  or  a  tribe  to  execute  a  certain  piece  of  work,  requir- 
ing the  united  labor  of  a  large  number  of  persons  for  an  indefinite  time, 
especially  when  the  purpose  or  end  for  which  that  work  was  intended 
is  itself  a  matter  of  grave  doubt,  seems  like  a  hopeless  undertaking; 
and  yet,  with  all  due  deference  be  it  spoken,  this  is  precisely  what  the 
advocates  of  the  mound-builder  theory  have  done,  and  in  so  doing  they 
have  marked  out  the  course  that  this  investigation  must  follow. 

Reasoning  from  analogy — an  uncertain  guide,  at  best,  in  matters 
scientific — they  not  only  tell  us  that  a  certain  class  of  these  works  were 
designed  for  a  religious  purpose,  but  they  assert  that  they  were  built 
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by  a  people  who  w<M«hiped  the  son ;  and  they  even  go  bo  far  as  to  use 
this  as  an  argnment  why  they  could  not  have  been  erected  by  the  red 
Indian.  That  some  of  these  works  were,  in  some  way^  connected  with 
this  cnlt  is  extremely  probable;  at  all  events,  in  view  of  the  plausible 
explanation  it  gives  of  their  origin,  the  statement  is  admitted  to  be  tme ; 
bat  to  assome  that  this  furnishes  a  sound  basis  for  the  next  st^  in  the 
argument,  and  authorizes  the  inference  that  the  red  Indian  could  not 
have  buOt  them,  is  without  warrant,  either  in  fact  or  logic  Indeed,  so 
tar  is  it  from  being  an  argument  in  £»vor  of  this  theory,  that  it  is  be- 
lieved to  tell,  with  disastrous  effect,  against  it,  since  it  can  be  shown, 
on  undoubted  authority,  that  everywh^-e  in  the  valley  east  of  the  Mis- 
sissippi the  Indian  was  a  8un-worshipi>er,*  and  thus,  of  course,  he  and 
the  mound-builder  must  have  had  the  same  religious  cult,  even  accord- 
ing to  the  admissions  of  those  who  hold  that  the  two  belonged  to  differ- 
ent races  and  represented  different  phases  of  civilization.  This  being 
the  case,  and  it  being  further  admitted  that  it  was  this  cult  that  led  the 
mound-builders  to  erect  works  like  the  so-called  sacred  inclosures  of 
southern  Ohio,  it  must  follow  that  there  can  be  no  reason  why  the  same 
cult  should  not  have  produced,  among  the  Indians,  precisely  similar 
results. 

To  the  argument  when  stated  in  this  fashion,  the  only  imswer  logically 
XH>ssible  is  a  denial  that  the  Indians  were  sun-worshipers,  all  others 
being  barred  by  the  terms  of  the  statement;  and  as  this  is  the  course 
that  the  discussion  must  inevitably  take,  it  behooves  me  to  strength^i 
this  point  as  much  as  possible.  To  this  end  an  appeal  to  the  early 
records  again  becomes  necessary,  and  though  it  seems  like  a  waste  of 
time  thus  to  "  thrash  old  straw,''  yet  the  fSaet  that  recent  writers  on  this 
subject  have  either  entirely  ignored  the  existence  of  sun  worship  among 
the  modem  Indians,  or  else  have  limited  it  to  a  few  tribes,t  is  proof 
positive  of  the  necessity  for  repeating  the  evidence  which  has  led  me 
to  a  contrary  conclusion.  In  doing  this,  however,  the  order  followed  in 
investigating  the  question  of  subsistence  will  be  reversed.  Instead  of 
beginning  with  the  Huron  and  Algonquin  fEunilies,  as  was  done  in  that 

*  ''The  tribes  of  the  New  World  chose  the  son  as  the  object  of  their  adoratioD :" 
Brinton,  Xotet  on  ike  FUtridian  Penhuulay  p.  126,  Philadelphia,  1859.  *' With  almost 
all  the  aborigines  there  is  proof  -  -  -  of  the  former  worship  of  the  son :"  Brad- 
ford, American  Antiqmities,  p.  181,  New  York,  ISil.  ''The  United  States  Indians  re- 
garded the  snn  as  the  symbol  of  light,  life,  power,  and  intelligence,  and  deemed  it 
the  impersonation  of  the  Great  Spirit.  They  sang  hymns  to  the  snn  and  made  genu- 
flections to  it : "  Schoolcraft,  Indian  Tribes,  vol.  v,  p.  407,  and  vol.  ui,  pp.  60  and  64. 
**  The  religions  or  superstitions  of  the  American  Nations  -  -  -  are  only  modifica- 
tions of  that  primitive  system  which  has  been  denominated  snn  or  fire  worship:" 
Squier,  Serpent  Sifmbol  in  Americaf  p.  Ill,  New  York,  1851.  See  also  Tylor,  Ptimitive 
Culture,  vol.  ii,  pp.  287  et  $eq.,  Boston  reprint  1874.  NuttaU,  Travels  in  Arkannao,  p. 
277,  Philadelphia,  1821. 

i Footprints  of  Vanished  Races,  p.  61 :  St.  Louis,  1879. 
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case,  the  tribes  soath  of  the  Ohio,  called  by  Schoolcraft  the  Appalach- 
ians (though  they  do  not  all  belong  to  the  same  stock  or  family),  will  be 
first  considered.  This  change  is  deemed  advisable  for  the  reason  that 
the  religions  rites  and  observances  of  these  tribes  are  better  known  than 
are  those  of  any  other  nation  iu  the  Mississippi  Valley,  and  because, 
ftirther,  it  is  only  by  the  light  of  this  knowlegde  that  it  is  iwssible  to 
interpret  customs  once  prevalent  elsewhere,  but  which  have  either 
wholly  died  out  or  lost  much  of  their  significance.  As  an  instance  of 
this,  take  the  institution  for  keeping  up  a  perpetual  fire,*  which  seems, 
at  one  time,  to  have  been  very  general  among  the  tribes  north  of  the 
Ohio,  but  which  disappeared  soon  after  the  aj*rival  of  the  whites,  though 
we  are  told  that  its  rites  and  duties  were  still  fresh  in  the  recollection 
of  the  Indians.  Of  itself,  the  fact  that  this  institution  had  once  pre- 
vailed extensively  among  tribes  both  of  the  Huron  and  Algonquin  fam- 
ilies might  not  be  considered  as  settling  definitely  their  form  of  religion ; 
but  if  it  be  taken  in  connection  with  the  very  prominent  part  this  rite 
held  in  the  religious  observances  of  the  sun- worshiping  tribes  of  the 
Gulf  States,  it  will  be  seen  that  it  forms  an  imx>ortant  link  in  the  chain 
of  evidence  that  points  to  the  existence  of  one  and  the  same  form  of 
worship  among  these  different  nations.  Other  instances  of  a  similar 
character  will  doubtless  occur  in  the  course  of  this  investigation;  and 
my  object  in  calling  attention,  at  this  time,  to  the  sudden  disappearance, 
over  such  a  wide  area,  of  what  must  have  been  an  important  religious 
rite,  is  not  so  much  to  mark  the  identity  that  once  existed  in  the  ritual 
of  these  widely  separated  nations,  as  it  is  to  indicate  the  method  that 
it  is  proposed  to  adopt  in  the  treatment  of  this  and  similar  cases.  This 
mode  of  reasoning  is  believed  to  be  perfectly  fair  and  legitimate,  though 
ol  course  its  efficacy  will  depend  upon  the  establishment  of  the  truth 
of  the  proposition  that  the  southern  Indians  were  sun-worshipers. 
Fortunately  this  is  a  matter  about  which  there  can  not  be  much  doubt. 

*  GeDeral  Lewis  Cass  in  Notes  to  Sanillacj  a  poem  by  Henry  Whitney :  Boston,  1831. 
Brinton,  Myths  of  the  New  Worlds  p.  150:  New  York,  1876.  Schoolcraft,  Address  be- 
fore N.  Y.  Histoncal  Sodettfy  1846,  quoted  in  Serpent  Symbol  in  America^  p.  129. 
"The  general  council  of  the  Five  Natious  was  held  at  Onoudaga,  where  there  has, 
from  the  beginning,  been  kept  a  fire  continually  burning,  made  of  two  great  logs, 
whose  flames  were  never  extinguished:''  Golden,  Five  Xations,  vol.  i,  p.  167:  Lon- 
don, 1747.  This  language  may  be  metaphorical,  and  the  "  fire ''  spoken  of  may  mean 
a  **  council  fire,"  and  I  am  perfectly  willing  to  admit  that  it  does,  though  Lafitau, 
Yol.  I,  pp.340  and  341,  speaking  of  the  Iriquois,  tells  us  that  "Les  Sauvages  out 
encore  plus  perdu  de  leurs  coutCimes  depuis  ce  temps-lii;  ils  le  reconnoissent  eax- 
mdmes,  et  y  out  regret;  car  dans  les  malheurs  qui  leur  arrivent,  ils  disent  qu  'lis  ne 
doivent  pas  s'en  plaindre,  et  que  c'est  une  punition  pour  avoir  abandonnd  Tusage  de 
leurs  retraites,  et  de  leurs  jeAnes." 
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La  Vega,  *  Laudoni^re,  t  and  others,  |  some  of  whom  wrote  in  the 
latter  part  of  the  sixteenth  century,  bear  witness  to  the  f^^t  in  the  most 
unmistakable  language,  and  their  statements  are  confirmed  by  all  the 
later  writers.§  To  enumerate  these  latter  would  be  simply  to  call  the 
roll  of  all  who  have  written  upon  the  subject,  and  however  interest^ 
ing  this  might  be  to  the  special  student  in  a  bibliographical  point  of 
view,  it  would  soon  become  monotonous  and  ^^  caviare  to  the  general.^ 
For  this  reason,  I  shall  confine  myself  to  a  rapid  survey  of  some  of  the 
religious  customs  that  prevailed  among  these  tribes,  and  will  only  make 
such  use  of  authorities  as  may  be  necessary  to  establish  the  truth  of  the 
propositions  advanced. 

Speaking  in  a  general  way,  then,  it  may  be  said  of  these  nations  that 
among  some  of  them  <Hhe  sun  was  regarded  as  one  of  the  great 
deities;  by  others  it  was  looked  ui)on  as  the  symbol  or  representative  of 
the  chief  deity,  and  yet  again  by  others  it  was  considered  as  the 
supreme  deity  himself.^ i|  As  part  and  parcel  of  this  worship,  there 
were  certain  rites  and  ceremonies,  among  which  that  of  keeping  up  a 
X>erpetual  fire  was  one  of  the  most  striking.  This  fire  was  kept  burn- 
ing in  honor  of  the  sun,^  and  was  regarded  as  being  too  sacred  to  be 

*^'Le8  peoples  de  la  Floride  tiennent  le  Soleil  et  la  Lane  poor  des  DiTinitee  r^ 
Hiai4nre  de  la  eonqueie  de  la  Floride,  p.  11;  Paris,  1709.  According  to  the  Gentle- 
man of  Elvaa,  De  Soto,  in  order  to  ingratiate  himself  with  the  tribes  through  whose 
dominions  he  was  passing,  represented  himself  as  being  a  child  of  the  Son.  **  Dry  np 
the  river/'  answered  the  Cacique  of  Quigalta,  ''and  he  woald  believe  him:"  Narra- 
tive of  the  Expedition  of  Hernando  de  Soto  in  Hist.  Coll.  of  Louisiana,  part  ii,  p.  187. 

t  "They  sing  praises  to  the  San,  ascribing  anto  him  the  honor  of  the  victory. 
They  have  no  knowledge  of  God,  nor  of  any  religion,  saving  that  which  they  see,  as 
the  Sun  and  the  Moon:"  History  of  the  first  attempt  of  the  French  to  colonize 
Florida,  a.  d.  1562,  in  Hist.  Coll.  of  Louisiana,  new  series,  pp.  171-252,  and  253: 
New  York,  1869. 

tLe  Moyne,  plate  xxxv  and  explanation,  Franckforto  ad  Moenum,  1591.  See  also 
plate  in  preface  to  vol.  \^  of  Herrera's  History  of  America,  in  which  the  Indians 
of  Florida  are  represented  as  "  sacrificing  their  first-bom  to  the  Sun  :'*  London,  1740. 
'*  Les  Apalachites  adoraient  le  soleil  de  meme  que  la  plupart  des  plus  celebres  pea- 
pies  de  TAmeriqae:"  Rochefort  Histoirt  des  Antilles,  p.  412:  Rotterdam,  1665. 
Confirmed  by  Herrera,  pp.  328-355  of  vol.  v,  and  p.  24  of  vol.  vi :  London,  1740. 
"Le  Soleil  est  en  quelque  fa^on  Tunique  Divinity  des  Floridiens,  tons  leurs  Tem- 
ples lui  ont  consacr^es :"  Charlevoix,  Xourelle  France,  vol.  i,  p.  41. 

^Consult  Jones,  Antiquities  of  the  Southern  Indians,  chapters  i  and  xix:  New 
York,  1873.  Brinton,  Floridian  Peninsula,  chapter  iii,  section  3:  Philadelphia,  1^9. 
Tylor,  Primitite  Culture,  vol.  ii,  p.  287  rt  seq. :  Boston  reprint,  1874.  Squier.  Ser- 
pent Sjfmbol  in  America,  chap,  iv:  New  York.  1851.  Ancient  ^fonmments  of  the  Missis- 
sippi Valley,  p.  123:  Washington,  1848. 

I  This  is  the  classification  made  by  Tylor,  Primitire  Culture,  vol.  ii,  p.  287,  of  the 
beliefs  of  *'  the  ruder  tribes**  of  the  northern  continent.  It  seems  to  me  that  it  is 
equally  applicable  to  the  tribes  living  on  the  lower  Mississippi  and  along  the  Gulf 
coast,  and  I  have  adopted  it,  even  though  those  nations  are  sometimes  considered, 
on  what  are  believed  to  be  insufficient  grounds,  as  occupying  a  somewhat  higher 
place  in  the  scale  of  civilization  than  their  neighbors  north  of  the  Ohio. 

if  Charlevoix,  Letters,  p.  313:  London,  1763. 
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used  for  ordinary  purposes.  It  was  fed  with  sticks  or  billets  of  wood 
without  the  bark,  placed  so  as  to  radiate  from  a  common  center  some- 
what like  the  spokes  of  a  wheel,  the  fire  occupying  the  center  or  hub. 
It  was  kept  in  buildings  or  temples  erected  for  the  purpose,  in  which 
were  also  preserved  the  bones  of  the  dead  chieftains,  neatly  done  up  in 
cane  baskets.  Priests  or  guardians  were  appoint-ed  to  watch  over  this 
fire,  and  see  that  it  never  died  out,  as  its  extinguishment  was  thought 
to  forebode  dire  evil  to  the  tribe.*  In  case  such  a  thing  did  happen, 
either  by  accident  or  through  carelessness,  the  fire  could  only  be  rekin- 
dled by  brands  taken  from  that  kept  burning  in  the  temple  of  the  Mau- 
biliens.t 

First  among  the  priests  or  guardians  of  the  temple  and  fire  among 
the  Natchez  was  the  chief  of  the  tribe,  or,  as  he  was  called,  the  Great 
Sun.  J  Every  morning  at  sunrise  he  appeared  at  the  door  of  his  cabin, 
and  turning  toward  the  east  <*'  he  howled  three  times,''  bowing  down 
to  the  earth.  Then  a  calumet,  used  only  for  this  puri)08e,  was  brought 
him,  and  he  smoked,  blowing  the  smoke  of  the  tobacco  first  towards  the 
sun  and  then  towards  the  other  three  quarters  of  the  world.  §  He 
acknowledged  no  superior  but  the  sun,  from  which  he  pretended  to 
derive  his  origin.  || 

These  temples  did  not  differ  materially  from  each  other,  nor  from  the 
other  cabins,  especially  those  of  the  Indian  chiefs.  The  description  which 
the  Sieur  de  Tonti  has  left  us  of  the  one  among  the  Tensas,  visited  by  him 

*  Charlevoix  Letter  no.  xxix,  pp.  308  et  seq,:  London,  1763.  Da  Pratz,  HiBtory 
of  LouisianQy  vol.  ii,  chapter  3,  sections  2  and  4 :  London,  1763.  Memoir  of  Tonti  in 
Hist  Coll.  of  Louisiann,  part  i,  p.  61.  Father  Le  Petit  in  Hiat,  Coll,  of  Louisiana^ 
part  in,  note  to  p.  140  et  seq.  La  Vega,  Conqu^te  de  la  Floride,  vol.  i,  p.  266  et  seq.: 
Paris,  1709.  Gentleman  of  Elvas  in  Hist.  Coll.  of  Louisiana,  part  ii,  p.  123.  Letter 
of  Father  Oravier  in  same,  second  series,  pp.  79  et  seq.:  1875. 

t  Charlevoix,  Letters,  p.  323 ;  London,  1763. 

t  Du  Pratz,  History  of  Louisiana^  vol.  ii,  p.  212 :  London,  1763. 

5  Charlevoix,  Letters,  p.  315.  Father  Le  Petit  in  Hist.  Coll.  Louisiana,  part  iii, 
note  to  p.  142.  Father  Donay's  Narrative  of  La  Salle's  attempt  to  ascend  the 
Mississippi  in  1687 ;  published  in  Shea's  Discovery  and  Exploration  of  that  river,  p. 
228.  It  was  in  this  expedition  that  La  Salle  was  murdered,  and  the  good  father's 
account  relates  to  the  tribes  that  were  then  living  in  what  are  now  the  States  of 
Texas,  Louisiana,  and  Arkansas.  He  says :  *^  The  Snn  is  their  divinity,  and  they 
offer  it  in  sacrifice,  the  best  of  their  chase  in  the  chieFs  cabin.  They  pray  for  half 
an  hour,  especially  at  sunrise ;  they  send  him  the  first  whiff  of  their  pipes,  and  then 
send  one  to  each  of  the  four  cardinal  points."  As  late  as  the  beginning  of  the 
present  century,  Nuttall  tells  us  that,  according  to  the  testimony  of  a  Qnapaw 
chief,  the  ''Osages  smoked  to  God  or  the  sun,  and  accompanied  it  by  a  short 
apostrophe:"     Travels  into  the  Arkansas  Tei^itory  p.  95;  Philadelphia,  1821. 

II  Charlevoix,  Letters,  p.  315.  This  belief  was  not  confined  to  the  Natchez,  as  the 
Hnrons  and  also  the  tribes  of  the  Floridian  Peninsula  asserted  the  same  thing  of 
their  chiefs.  See  Charlevoix,  Letters,  p.  314,  for  the  former,  and  Lafitau,  Moeurs 
des  Sauvages  Ameriquains,  vol.  i,  pp.  181  and  456  for  the  latter.  Bartram,  Travels 
through  Florida,  p.  496,  says  that  among  the  Creeks,  '*  the  Micco  seems  the  repre- 
sentative of  the  Great  Spirit." 
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during  the  course  of  his  trij)  down  the  Mississippi  with  La  Salle,  A.  d. 
1682,  will,  with  but  few  changes,  apply  equally  well  to  all  of  them. 
After  premising  that  these  tribes  "have  a  form  of  worship,  and  adore 
the  sun,'^*  he  goes  on  to  say  that  the  temple  is  very  like  the  cabin  of 
the  chief,  which  stands  opposite,  except  that  on  top  of  it  there  were 
the  figures  of  three  eagles  which  looked  toward  the  rising  sun.  It  was 
about  40  feet  square,  and  the  walls,  10  feet  high  and  1  foot  thick,  were 
made  of  earth  and  straw  mixed.  The  roof  was  dome-shaped,  and  about 
15  feet  high.  Around  this  temple  were  strong  mud  walls,  in  which  are 
fixed  spikes,  and  on  these  are  placed  the  heads  of  their  enemies,  whom 
they  sacrificed  to  the  sun.  Within  it  there  is  an  altar,  and  at  the  foot 
of  this  altar  three  logs  of  wood  are  placed  on  end,  and  a  fire  is  kept  up 
day  and  night  by  two  old  priests,  who  are  the  directors  of  their  wor- 
ship.t 

We  are  are  also  told  that,  at  one  time,  these  temples  were  quite  com- 
mon throughout  all  the  vast  region  then  known  as  Florida,  a  majority 
of  the  tribes  and  even  many  of  the  villages  having  their  own,  and  keep- 
ing up  in  them  i)erpetual  fires.  J  Geographically  speaking,  they  are 
found  all  the  way  from  Arkansas  to  the  southern  extremity  of  the  x>6n- 
insula  of  Florida;  and  in  point  of  time  they  cover  the  one  hundred  and 
eighty  years  embraced  between  the  expedition  of  De  Soto  and  the  visit 
of  Charlevoix  in  A.  D.  1721.  §  About  this  time  they  seem  to  have  gone 
somewhat  out  of  fashion,  as  we  are  told  that  the  one  among  the  Natchez 
was  the  only  one  left;  and  although  that  is  said  to  have  been  held  in 
great  veneration  "by  all  the  savages  which  inhabited  this  vast  conti- 
nent,'' and  the  eternal  fire  was  still  kept  up,  yet  it  is  evident  from  the 
neglected  and  unguarded  condition  in  which  Charlevoix  found  it||  that 
it  had  lost  much  of  its  sacred  and  distinctive  character.  Indeed,  he 
tacitly  admits  as  much,  and  probably  assigns  the  true  cause  when  he 


•Memoir  of  Touti  in  Hist  ColL  of  Louisiana,  part  i,  pp.  61  and  64. 

t Memoir  of  Tonti  in  Hist.  Coll.  of  Louisiana,  part  i,  pp.  61  et  seq.  Narrative  of 
La  Sailers  voyage  down  the  Mississippi  by  Father  Membr<S,  p.  171.  Speaking  of  the  In- 
diausof  the  lower  Mississippi,  the  worthy  father  says:  ''We  remarked  a  particular 
veneration  they  had  for  the  sun,  which  they  recognized  as  him  who  made  and  pre- 
serves all.''  Compare  this  description  of  the  temple  of  the  Tensas  with  that  of  similar 
buildings  among  other  tribes  as  given  in  CharlevoiX;  Letters,  pp.  312  et  seq.,  and  in  La 
Nonvelle  France,  vol.  ill,  p.  381 :  Dn  Pratz,  History  of  Louisiana,  vol.  ii,  chap.  3, 
sections  2  and  4 ;  La  Vega,  premiere  partie,  pp.  266  et  seq.;  Gentleman  of  Elvas  in 
Hist.  Coll.  of  Louisiana,  part  I,  p.  123,  and  Father  Le  Petit,  in  the  same,  part  in.  note 
to  pp.  141  et  seq.  This  latter  author  says  of  the  Natchez :  "The  sun  is  the  principal 
object  of  veneration  to  these  people;  as  they  cannot  conceive  of  anything  which  can 
be  above  this  heavenly  body,  nothing  else  appears  to  them  more  worthy  of  their 
homage.'' 

t  Charlevoix,  Letters,  p.  323.  Du  Pratz,  vol.  ii,  pp.  210  and  11.  Father  Le  Petit, 
h  c.,  note  on  p.  144. 

i  La  Vega,  Conquite  de  la  Floride,  premiere  partie.  pp.  264  et  seq.  Ibid.,  seconde 
partie,  p.  89:  Paris,  1709.  Gentleman  of  Elvas,  /.  c,  p.  123.  Charlevoix  Letter,  no. 
XXIX:  London,  1763.    Du  Pratz,  vol.  ii,  p.  211 :  London,  1763 

II  Charlevoix,  Letters,  pp.  313  and  323. 
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ascribes  it  to  the  fear  lest  the  French  should  violate  these  last  resting- 
places  of  the  dead,*  as  they  had  done  with  the  temple  of  Oumast  a  few 
years  before. 

Some  twenty-five  years  later,  in  the  time  of  Adair,  who  lived  and 
traded  among  the  Chickasaws,  Creeks,  and  Choctaws  for  many  years 
subsequent  to  1735,  the  change  was  even  more  perceptible.  It  is  true 
that  the  tribes  constituting  the  Creek  or  Muscogee  confederacy  kept 
up  many  of  the  peculiar  usages  of  the  Natchez,  and  continued  to  vene- 
rate the  sun,  as  they  certainly  did  down  to  a  comparatively  recent 
period  ;t  and  in  describing  their  religious  ceremonies,  Adair  still  speaks 
of  a  "sacred  fire,"  "holy  places,^  "  synhedria,"  efcc.;§  but  it  is  evident 
that  in  so  doing  he  has  been  betrayed  by  his  wild  notions  as  to  the 
identity  of  the  American  Indians  with  the  lost  tribes  of  Israel,  into  the 
adoption  of  a  terminology  that  is  not  warranted  by  the  facts.  Temples 
such  as  the  one  described  among  the  Tensas,  and  which,  as  we  have 
seen,  were  once  common  among  all  the  Floridian  tribes,  no  longer  ex- 
isted, and  in  their  stead  we  find  the  state  house,  rotunda,  hot  house,  or 
simple  council  chamber,  such  as  it  was  known  to  the  Creeks  and  Chero- 
kees.  In  connection  with  the  disappearance  of  the  temples  proper 
among  these  nations,  there  seems  to  have  been  a  corresponding  decrease 
in  the  number  and  purity  of  their  religious  rites  and  ceremonies.  Du 
Pratzll  mentions  the  fact,  ascribing  it  to  the  decrease  in  population, 
whilst  Adair,tl  mourning  over  what  he  is  pleased  to  consider  the  religious 
degeneracy  of  the  times,  complains  that  "their  primitive  rites  are  so 
corrupted  within  the  space  of  the  last  thirty  years  that,  at  the  same  rate 
of  declension,  there  will  not  be  long  a  possibility  of  tracing  their  origin 
but  by  their  dialects  and  war  customs."  Especially  is  this  said  to  be 
true  of  the  Cherokees,  whom  he  stigmatizes  as  a  nest  of  apostate 
hornets.** 

A  few  years  later,  say  during  the  last  quarter  of  the  eighteenth  cen- 
tury, and  the  change  is  complete.  A  temple  is  no  longer  even  spoken 
of,  though  the  council  house,  which  seems  to  have  taken  its  place  as  the 
scene  of  their  religious  rites  and  festivities,  inherited  something  of  its 
sacred  character.  It  was  still  i)laced  upon  an  artificial  mound,tt  as  it 
had  been  among  theQuapaws  of  Arkansas,^:  theNatchezof  Louisiana,§§ 

*Charlevoix,  Letters,  p.  313:  London,  1763. 

fLafitan,  Moeurs  des  Sauvagea  Jmeriquaina,  vol.  i,  p.  168:  Paris,  1724. 

tNnttall,  TrareUinto  the  Arkansa  Territory,  p,  277:  Philadelphia,  1821. 

^  Adair,  History  of  the  North  American  Indians^  pp.  30  and  98,  et  seq.:  London,  1775. 

II  History  of  Louisiana ,  vol.  ii,  p.  210:  London,  1763. 

^History  of  North  American  Indians,  pp.  81  and  98. 

••  North  American  Indians,  p.  81. 

ttBartram,  Trarels  through  Florida,  p.  367,  et  seq,:  Philadelphia,  1791.  See  also 
MSS.  of  the  same  aathor  quoted  by  Sqaier  in  Smithsonian  Contributions  to  Knowledge, 
vol.  II,  pp.  136,  et  seq,,  and  Adair,  North  American  Indians,  p.  421. 

tt  La  Vega,  ConquSte  de  la  Floride,  seoonde  partie,  p.  89 :  Paris,  1709. 

J  J  Du  Pratz,  vol.  u,  p.  211 :  London,  1763.  Father  Le  Petit,  in  Hist,  Coll,  of  Louisi- 
ana, part  ui,  note  to  p.  140. 
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and  other  southern  tribes;  and  here  the  old  men  of  the  village  were 
accastomed  to  meet  every  evening  to  talk  over  public  affairs;  and  here 
also  took  place  many  of  their  feasts  and  dances  when  the  weather  pre- 
cluded the  use  of  the  open  square  in  front.*  Women  were  no  longer 
shut  out  from  its  sacred  precincts,  but  were  permitted  under  certain 
conditions  to  take  a  subordinate  part  in  the  ceremonies,  except,  perhaps, 
among  the  Creeks,  among  whom,  a<5cording  to  Bartram,  it  was  still 
deemed  an  offense  worthy  of  death  for  a  woman  to  enter  this  rotunda.t 
He  also  tells  us  that  it  was  within  this  building  that  the  new  fire  was 
kindled  on  the  occasion  of  the  feast  of  first  fruits,  and  it  was  here  that, 
under  guard  of  the  priests,  "  they  seem  to  keep  up  the  eternal  fire.'*! 
This  however  had  lost  its  original  form,  and  was  now  spiral  in 
shape.§  Its  sacred  character  too  was  gone,  for  the  houseless  pauper 
could  now  bask  in  its  warmth  undisturbed  by  priest  or  prophet;  and 
when  the  evening  dance  or  the  council  was  over,  he  might  find  a  night's 
lodging  within  the  precincts  of  the  temple  it8elf.|| 

Another  very  interesting  rite  was  that  of  annually  putting  out  all  the 
fires  of  the  tribe,  and  kindling  them  anew  from  sacred  fire  produced  by 
friction.  This  ceremony  took  i)lace  at  the  Feast  of  the  Busk  or  offering 
of  first  fruits,  which  seems  to  have  been  very  general  throughout  this 
region.^  Indeed,  Schoolcraft  tells  us  that  it  also  prevailed  among  the 
Huron  and  Algonquin  families  north  of  the  Ohio,  and  that  it  extended 


•Hawkins,  Sketch  of  the  Creek  Country,  p.  72.  Adair,  p.  18.  Bartram,  Travels 
through  Florida,  pp.  369  and  516.  Schoolcraft,  vol.  v,  p.  265.  Timberlake,  Memair$ 
relating  to  the  Cherokees,  p.  32. 

t  Bartram,  MSS.  qnoted  in  Smithsonian  Contributions  to  Knowledge,  vol.  ii,  p.  138: 
Washington,  1851. 

t  Ibid,,  p.  138.  ''  Mnscogulges  pay  a  kind  of  homage  to  the  Sun,  Moon,  and  Plan- 
ets : ''  Bartram,  MSS.  quoted  in  Serpent  Symbol,  p.  69 :  New  York,  1851.  '^Cherokees 
adore  Sun  and  Moon:''  Payne,  MSS.  quoted  in  same,  p.  68.  Indians  of  Southern 
States  appear  to  have  been  "  originally  worshipers  of  the  Sun.  The  Chahta,  when 
he  has  greatly  misbehaved,  utters  these  ejaculations:  when  the  Sun  forsakes  a  man 
he  will  do  things  he  never  thought  to  do.  The  Sun  is  turned  against  me,  therefore 
have  I  come  to  this:''  Pitchlynn,  quoted  by  Buckingham  Smith  in  Notes  to  bis 
Translation  of  the  Relation  of  Cabe^a  de  Vaca,  p.  171 :  New  York,  1871. 

$  Bartram  MSS.,  /.  c,  p.  138.  Hawkins,  p.  71.  The  latter  author  says:  "In  the 
center  of  the  room,  on  a  small  rise,  the  fire  is  made  of  dry  cane  or  old  pine  slabs, 
split  fine,  and  laid  in  a  spiral  circle."  See  also  Lawson,  Carolina,  p.  38;  London, 
1718.  In  this  connection  it  is  interesting  to  note  that  the  Abenaquis,  of  New  Eng- 
land, were  in  the  habit  of  practicing  divination  by  the  manner  in  which  the  fire 
would  *'mn"  in  a  carefully  prepared  powder  made  from  cedar.  Lafitau,  vol.  i,  p. 
387,  gives  an  account  of  it,  also  the  argument  by  which  an  Indian  woman  justified 
the  practice. 

II  Hawkins,  Sketch  of  the  Creek  Country,  p.  72.  Schoolcraft,  Indian  Tribes  of  tht 
United  States,  vol.  v,  p.  265. 

If  Joutel,  Journal  in  Hist.  Coll.  of  Louisiana,  part  i,  p.  151.  Father  Le  Petit  in 
0ame,  part  in,  note  on  p.  144.  Nuttall,  Travels  in  the  Arkansa  Territory,  p.  96. 
Brinton,  Myths  of  the  New  World,  p.  150:  New  York,  1876.  Du  Pratz,  Louisiana, 
voL  u,  p.  189.    Tixneerlnke^  Memoirs  relating  to  the  Cherokees,  p.  66:  houdon,  1765. 
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to  the  tribes  west  of  the  Mississippi.*  He  also  adds,  that  in  every  case 
it  was  attended  with  many  ceremonies,  though  it  does  not  seem  to  have 
been  celebrated  anywhere  north  of  the  Ohio  with  the  same  solemnity 
that  it  was  among  the  nations  that  formerly  inhabited  the  Gulf  States,t 
or,  at  all  events,  our  accounts  of  such  celebrations  are  not  so  full  and 
explicit.  Adair,  who  lived  among  these  people  for  many  years,  and 
who,  aside  from  his  notions  about  the  identity  of  the  Indians  with  the 
Israelites,  is  usually  trustworthy,  describes  this  festival  at  great 
length,  as  does  Bartram,  Hawkins,  and  others.}  From  their  accounts 
I  have  made  up  the  following  summary,  which  may  not  be  uninterest- 
ing: When  the  time  for  holding  this  festival  was  fixed,  the  people  of 
tlie  village  put  their  town  in  order,  prepared  new  clothes  for  them- 
selves, and  then,  having  partaken  of  the  "black  drink,^§  they  entered 
ui)on  a  rigorous  fast  of  two  days,  during  which  they  abstained  from 
the  gratification  of  every  sensual  appetite.  On  the  morning  of  the 
third  day  a  supply  of  old  food  was  brought  to  the  square,  all  vestiges 
of  which  were  removed  before  noon.  As  the  sun  began  to  decline,  the 
fires  were  extinguished  in  every  hut,  and  universal  silence  reigned. 
The  chief  priest  then  took  a  piece  of  dry  poplar,  willow,  or  white  oak, 
and  having  cut  a  hole  "  so  as  not  to  reach  through  it,  he  sharpened 
another  piece,  and  placing  that  within  the  hole,  he  drilled  it  briskly 
for  several  minutes,  till  it  began  to  smoke ;  or  by  rubbing  two  pieces 
together  for  about  a  quarter  of  an  hour,  by  friction,  he  collected  the 
hidden  flre.'^  It  was  then  brought  out  of  the  temple  in  an  earthen  dish 
and  placed  upon  an  altar  that  had  been  previously  prepared  in  the 
square.  Its  appearance  brought  joy  to  the  hearts  of  the  i)eople,  as  it 
was  supposed  to  atone  for  all  past  crimes,  except  murder.  A  general 
amnesty  was  proclaimed,  except  for  this  one  crime,  and  all  malefactors 
might  now  return  to  their  villages  in  safety.  A  basket  of  new  fruits 
was  then  brought,  and  the  fire-maker  took  some  of  each  kind,  and 
covering  them  with  bear's  grease,  he  offered  them  up  as  a  sacrifice  to 
the  holy  spirit  of  fire.  He  likewise  consecrated  the  plants  from  which 
the  "black  drink"  was  prepared,  by  pouring  some  of  the  decoction 
into  the  holy  fire.  The  women  ranged  themselves  around  the  square, 
when  each  received  a  x>ortion  of  the  new  and  pure  flame,  with  which 
they  kindled  anew  the  household  fires.  Then  they  prepared,  in  the  best 
manner,  the  new  corn  and  fruits,  and  brought  them  to  the  square, 
where  the  people  were  assembled,  apparelled  in  their  new  clothes  and 
decorations.      "The  men  having  regaled  themselves,  the  remainder 


*  Notes  an  the  Iroquois,  p.  85,  et  seq,:  Now  York,  1846.  Indian  Tribes  of  the  United 
States,  vol.  Ill,  p.  227.    Catlin,  North  American  Indians,  vol.  I,  p.  189:  London,  1848. 

t  Schoolcraft,  Indian  Tribes  of  the  United  States,  vol.  v,  p.  104. 

t  Adair,  History  of  North  American  Indians,  argument  viii.  Bartram,  Travels 
through  Florida,  pp.  609  and  510.  Hawkins,  Sketch  of  the  Creek  Country,  pp.  75,  78. 
See  also  noi^  187. 

i  Made  from  th«  Hex  Cassine  L,  called  Caaeena  or  ^oupoxL 
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was  carried  off  and  distributed  among  the  families  of  the  village.  The 
women  and  children  solaced  themselves  in  their  separate  families,  and 
in  the  evening  repaired  to  the  public  square,  where  they  danced,  sung, 
and  rejoiced  during  the  whole  night,  observing  a  proper  and  exemplary 
decorum;  this  they  continued  three  days,  and  on  the  four  following 
days  they  received  visits  and  rejoiced  with  their  friends  from  neighbor- 
ing towns,  who  had  all  purified  and  prepared  themselves.'' 

There  were  other  rites  and  ceremonies  connected  with  the  worship  of 
these  tribes  that  might  be  studied  to  advantage;  but  those  reported 
above  were  the  most  important,  and  will  give  a  very  good  idea  of  the 
ritual  as  developed  among  these  people.  As  has  been  said,  the  relig- 
ious cult  seems  to  have  reached  a  higher  level  here  than  it  attained 
elsewhere  in  the  Mississippi  Valley;*  and  hence,  in  comparing,  as  we 
shall  now  do,  their  rights  and  customs  with  those  of  the  tribes  that 
lived  north  of  the  Ohio,  and  belonged  to  the  Huron  and  Algonquin 
families,  we  must  expect  to  find  among  the  latter  a  falling  off  in  the 
forms  and  ceremonies,  rude  as  they  undoubtedly  were,  that  character- 
ized the  religious  observances  of  the  tribes  with  which  we  have  been 
dealing. 

Beginning  with  the  tribes  along  the  south  Atlantic  coast  we  find 
that  temples  existed  as  far  north  as  Virginia,  and  that  the  same  reli- 
gious customs  obtained  as  did  among  the  sun-worshiping  nations  of 
the  lower  Mississippi,  t  Lawson,  Capt.  Smith,  and  Beverly  speak  of  these 
temples,  or  quioccosan,  as  they  are  called,  as  being  very  sacred,  none 
but  the  king  conjurer  and  a  few  old  men  being  permitted  to  enter  them.f 


""  Tylor,  Primitive  Culture,  p.  288.     Boston  reprint,  1874. 

t  After  describing  the  temple  and  religions  cnstoms  of  the  Natchez,  Lafitan,  vol. 
I,  p.  168,  Paris,  1724,  says^  **Quelques  peuples  de  la  Virginie  et  de  la  Floride  ont 
anssi  des  Temples  et  a  pen  pr^s  lee  m^mes  devoirs  de  Keligion."  "  Snnne,  Moone, 
and  Starre  as  i>ettie  Gods."  Harriot  in  Hakluyt*s  Voyages,  vol.  ni,  p.  336:  Loudon, 
1810.  "Adore  fire,  water, lightning."  Capt.  Smith,  Virginia,^.  34:  London,  1632. 
"Their  religion  consists  of  adoration  of  the  sun  and  moon:"  Carolina,  by  Thomas 
Ash,  p.  36:  London,  1682.  "  In  the  morning,  by  break  of  day,  before  they  eat  or 
drink,  both  men  and  women  and  children  that  be  above  10  years  of  age,rnn  into  the 
water,  there  wash  themselves  a  good  while,  till  the  sun  riseth,  then  offer  sacrifice  to  it, 
strewing  tobacco  on  the  water  or  land,  honoring  the  Sun  as  their  God;  likewise  they 
<Io  at  the  setting  of  the  sun:"  Observations  in  Virginia  by  George  Percy,  inPurchas 
Pilyrimt,  vol.  iv,  p.  1690.  "It  is  a  generall  rule  of  these  people  when  they  swere  by 
their  God,  which  is  the  Snnne,  no  Christian  will  keepe  their  Oath  better  npon  this 
promise.  These  i)eopIe  have  a  great  reverence  to  the  Snnne  above  all  other  things  at 
the  rising  and  setting  of  the  same,  they  sit  downe,  lifting  up  their  hands  and  eyes  to 
the  Snnne,  making  a  round  circle  on  the  ground  with  dried  Tobacco ;  then  they 
begin  to  pray,  making  many  Devilish  gestures  with  a  Hellish  noise,  foming  at  the 
mouth,"  etc. :  Ibid,,  p.  1690 :  London,  1625.  "  They  give  great  reverence  to  the  Sun : " 
Strachey,  Historie  of  Travaile  into  Virginia,  in  publication  of  the  Hakluyt  Society, 
p.  93 :  London,  1849. 

t Beverly,  History  of  Virginia,  part  iii,  p.  28:  London,  1705.  Lawson,  Carolina, 
p.  211:  London,  1718.  Capt.  Smith,  in  Purchas  Pilgrims,  yo\,  iv,  p.  1701:  London, 
1625. 
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The  last-named  writer  gaiued  lujcess  to  one  during  the  temporary  absence 
of  the  guardians,  and  from  the  account  he  has  left  of  it,  there  can  not 
have  been  much  difterence  between  it  and  similar  buildings  among  the 
tribes  living  further  to  the  southward.  He  tells  us  that  it  was  used  as 
a  receptacle  for  the  bones  of  the  deceased  chieftains,  which  were  done 
up  in  much  the  same  manner  as  tliey  were  in  the  temple  of  the  Natchez. 
It  also  contained  a  human  figure  or  idol,  which  was  variously  termed 
Okee,  Quioccos,  or  Kiwasa;  and  I  mention  this  fact  particularly,  as  it 
is  one  of  the  very  few  instances  indicating  the  existence  of  idolatry 
among  the  Indians  of  the  United  States  that  is  entitled  to  any  weight, 
though  there  are  reasons  why  even  this  statement  should  be  taken 
with  many  grains  of  allowance.  Round  about  the  house,  at  some  dis- 
tance from  it,  were  set  up  posts  with  faces  carved  on  them  and  painted.* 
According  to  Straohey,  the  priests  who  had  the  care  of  these  temples 
**mainteyne  a  continuall  fier  in  the  same  upon  a  hearth  somewhat 
neere  the  east  end."  Hariott  speaks  of  "sacred  fires,'^  in  which 
tobacco  was  offered  as  a  sacrifice;  and  in  the  plate  which  De  BryJ 
gives  of  this  temple  a  fire  is  represented  as  burning  on  the  floor.  We 
are  also  told  that  these  tribes  "annually  present  their  first  fruits  of 
every  season  and  kind,  namely  of  birds,  beasts,  fish,  fruits,  plants, 
roots,  and  of  all  other  things  which  they  esteem  either  of  profit  or 
pleasure  to  themselves;  and  that  they  repeat  these  offerings  as  fre- 
quently as  they  have  great  successes  in  their  wars,  or  their  fishing, 
fowling,  or  hunting.  It  was  also  their  custom  to  offer  sacrifice  upon 
almost  every  occasion.  When  they  travel  or  begin  a  long  journey,  they 
burn  tobacco  instead  of  incense  to  bribe  the  sun.  to  send  them  fair 
weather  and  a  prosperous  voyage.  Likewise,  when  they  return  from 
war,  from  hunting,  from  fresh  journeys,  or  the  like,  they  oifer  some  pro- 
l>ortion  of  the  spoils  of  their  chiefest  tobacco,  furs,  and  x)aint,  as  also 
the  fat  and  choice  bits  of  their  game,''§  in  which  latterTespect  they  did 
not  differ  from  tlie  Creeks  and  Chickasaws.  || 

As  we  go  towards  the  north  the  temples  disappear,  although  traces 
of  the  rites  that  were  associated  with  them  remain.*  We  are  still 
among  tribes  belonging  to  the  Al^miuin  family,  and  their  religious 
belief  is  said  to  have  resembled  that  of  "cognate  tribes  of  other  stocks 


•  Compare  La  Vega,  Histoire  de  la  Ftoride^  p^emi^^e  partie,  p.  267  et  scq. :  Paris, 
170^^.  Charlevoix  Letter  no.  xxix:  London,  1763.  Du  Pratz,  Louiaianay  vol.  ii,  p. 
211:  London,  1763.  Father  Le  Petit,  in  Hint,  (-oU.  of  Louisiana ^  part  iii,  note  to  p. 
141. 

t  Virginia,  /.  c,  p.  90.    Hariot  in  Hakluyt's  FotfagcHj  vol.  iii,  p.  330:  London,  1810. 

t  Admiranda  NarratiOf  plain  xxii,  Franckforti  ad  Moenura,  1590.  Beverly,  Vinjiniay 
plates  xi  and  xii:  London,  1705. 

$  Beverly,  VirginiOy  book  in,  pp.  42  an<l  43.  Capt.  Smith,  in  Pnrcha«  PilgrimSy 
vol.  IV,  p.  1702. 

II Adair,  HiHtory  of  the  Sorth  American    IndianH^  pp.   117-118.     He  adds:  ** For- 
merly every  hunter  observed  the  name  religious  economy,  but  now  it  is  practiced 
only  by  those  who  are  most  retentive  of  their  old  religious  mysteries." 
H.  Mis.  334,  pt.  1 35 
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and  lineage,"*  whatever  that  may  mean.  Amid  a  liost  of  8Ui)ernatural 
beings  or  Manitous,  big  and  little,  good  and  bad,  they  seem  to  have 
recognized  Michabou  or  Atahocan,  the  great  hare,  a8  the  chief.t  Ac- 
cording to  Schoolcraft,  they  *^  located  him  in  the  sun  or  moon,  or  in- 
definite skies.  In  their  pictorial  scrolls  they  painted  the  sun  as  a 
man's  head  surrounded  with  rays,  and  appeared  to  confound  the  sym- 
bol with  the  substance.  They  attributed  light  and  life,  vitality  and 
intelligence,  the  world  over,  alike  to  Monedo  and  to  G^zis,  the  sun."  f 
Of  the  religious  rites  of  these  tribes,  our  accounts,  though  not  so 
full  and  explicit  as  might  be  desired,  are  still  sufficiently  so  to  indicate 
most  clearly  the  existence  of  the  same  form  of  worship  as  that  which 
prevailed  among  the  tribes  of  Virginia  and  Florida.  The  Chippewa8,§ 
as  we  have  seen,  kept  up  the  eternal  fire  until  comparatively  recent 
times.  They  said  they  had  received  the  institution  from  the  Shawnees, 
and  this  is  probable,  as  that  tribe,  although  belonging  linguistically 
to  the  Algonquin  family,  was  more  or  less  closely  connected  with  the 
Creeks,  Natchez,  and  other  sun-worshiping  tribes  of  the  South,  ||  and 
must  perforce  have  been  familiar  with,  if  not  a  sharer  in,  their  religious 

•Schoolcraft,  Indian  Ti-ihcSj  vol.  v,  p.  402.  Hariot,  a.  d.  1586,  speaking  of  thtj 
Virginia  Indians,  says:  **'niey  believe  in  many  gods  and  in  one  chief  God,  who  is 
eternal  and  the  creator  of  the  world.  After  this  he  created  an  order  of  inferior  gods 
to  carry  out  his  government,  among  whom  were  the  sun,  moon,  and  stars.  The 
waters  were  then  raa<le,  out  of  which  by  the  gods  came  all  living  creatures.  He 
next  created  a  woman,  who,  by  the  'working'  of  one  of  the  gods,  brought  forth 
children,  and  'in  such  sort  they  had  their  beginning.'  They  thought  the  gods  were 
all  of  human  shape,  and  so  represented  them  in  their  temples  where  they  *  worship, 
sing,  pray,  and  make  many  times  offering  unto  them.  They  believed  in  the  immor- 
tality of  the  soul,  which  was  destined  to  future  happiness  in  heaven,  or  to  inhabit 
Popogusso,  a  pit  or  place  of  torment:"'  Hakluyt,  Votjatjca,  vol.  iii,  p.  336:  London, 
1810.  This  account  is  so  evidently  colored  by  Christian  ideas  that  it  is  almost 
worthless  for  purposes  of  comparison,  and  the  same  may  be  said  of  Du  Pratz's  state- 
ment of  the  religious  belief  of  the  Natchez,  in  which  the  interpolations  are  even 
more  marked.  For  obvious  reasons,  the  study  of  the  religious  beliefs  of  the  alio- 
rigines  is  attended  with  many  difficulties,  though  I  am  iuclineil  to  think  that  Park- 
man  is  not  far  wrong  when  he  asserts  that  '^the  primitive  Indian  yielding  his  un- 
tutored homage  to  One  All-perva<ling  a^jd  Omnipotent  Spirit  is  a  dream  of  poet«, 
rhetoricians,  and  sentimentalists:"  Jesuits  in  Xorih  ^mmca,  p.  Ixxxix  of  the  pre- 
face: Boston,  1867. 

tCharlevoix,  Letters,  p.  248.  La  Potherie,  Historic  de  V Amerique,  vol.  ii,  p.  3: 
Paris,  1753. 

t  Schoolcraft,  Indian  Tribes,  vol.  v,  p.  402. 

$  See  ante,  foot-note  on  p.  537.  '*  Vestiges  of  the  former  prevalence  of  fire  worship 
exist  over  immense  spaces,  and  its  rites  are  found  to  lie  at  the  foundation  of  the 
aboriginal  religion  throughout  the  geographical  area  of  the  United  States.  In  *me 
of  the  Indian  traditions  the  preservation  of  a  sacred  fire  is  carried  to  the  banks  of 
Lake  Superior:''  Schoolcraft,  Indian  Tribes,  vol.  v,  p.  64. 

II  Archaologia  Jmericana,  vol.  i,  p.  273.  Adair,  Hist.  Xorth  American  Indians^  p.  410. 
Hawkins,  Sketch  of  the  Creek  Countn/,  pp.  16-18.  Lawson,  Carolina,  p.  171.  Char- 
levoix, Xonvelle  France,  vol.  1,  p.  40:  Paris,  1741.  Historical  Collections  of  Louisiana 
and  Florida,  new  series,  p.  126:  New  York,  1869.  Milfort.  Memoirs  Bur  le  Creek,  p, 
283:  Paris,  1802.     Schoolcraft,  Indian  Tribes,  vol.  v,  p.  260. 
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observances.  Indeed,  the  "ceremony  of  thanksgiving  for  the  first 
fruits  of  the  earth,"  as  observed  among  the  Shawnees,  attended  as  it 
was  by  a  general  amnesty  for  all  crimes  except  murder,  and  also  the 
custom  of  "suspending  the  head,  horns,  and  entrails  of  the  animals 
killed  for  the  sacrifice  on  a  large  white  pole,  with  a  forked  top,  which 
extends  over  the  house,"  •  are  so  similar  to  the  same  rites  as  practiced, 
respectively,  among  the  Creeks  t  and  the  Indians  of  the  Floridian  Pen- 
insula |  as  to  leave  no  doubt  upon  this  ]K)int,  even  if  we  had  not  posi- 
tive assurance  from  other  quarters  that  they  looked  upon  the  sun  as 
the  Great  Spirit,  for  the  reason  that  he  "animates  everything,  and 
is,  therefore,  clearly  the  master  of  life."  §  The  Delawares  were  closely 
connected  with  the  Shawnees,  and  appear  to  have  had  many  of  the 
same  religious  ceremonies.  They  offered  sacrifices  of  tobacco  to  the 
sun, II  and  had  a  festival  in  honor  of  fire,  which  (Lieut.  Whipple,  in 
vol.  Ill,  p.  20,  of  the  Explorations  of  a  Railroad  to  the  Pacific)  "  they 
renew  once  a  year."  They  also,  according  to  Van  der  Donck,  swore  by 
the  sun,  saying:  "that  he  sees  all.  They  regard  him  and  the  moon 
as  being  better  than  all  the  Christian  gods,  for  they  warm  the  earth 
and  cause  the  fruits  to  grow."  51 

Among  the  Kew  PJngland  Indians  the  same  form  of  worship  pre- 
vailed. Roger  Williams  and  others  tell  us  that  tliey  worshiped  the 
sun  for  a  god,**  and  had  a  festival  at  harvest  time.f t  This  is  confirmed 
by  Cotton  Mather  so  far  as  relates  to  the  worship  of  the  sun  and  moon, 
and  he  adds  that  they  believe  that  every  rennirkabk^  creature  has  a 
peculiar  god  within  it  or  about  it.ft  In  the  famous  Digh  ton  rock  inscrip- 
tion which  stands  in  the  country  once  held  by  the  Wampanoags  the 
symbol  of  the  sun  was  discovered  by  Chingwauk,  tli<^  Algonquin  Meda,§§ 
and  in  this  same  region  lived  the  Narragansetts,  who,  according  to 


*  ArchiKologia  Americana,  vol.  I,  ]».  286. 

tSee  above,  note  t,  on  page  543;  and  Lnfitaii,  vol.  i,  p.  180. 

tLe  Moyne,  in  De  Bry,  pi.  xxxv.     Franckforti  ad  Moentmi,  1591. 

$  Gregg,  Commerce  of  the  Prairies^  vol.  ii,  p.  237:  New  York,  1845. 

HLoskiel,  History  of  the  Mission  of  the  United  Brethren  among  the  Indians  of  North 
America,  pp.  41  and  43:  London,  1794. 

1[In  Collections  New  York  Hist,  ^or.,  new  series,  vol.  i,  pp.  213-14.  Compare  Doc. 
Hist,  of  New  Ywk,  vol.  in,  p.  22. 

*  *  Wimams'a  Key,  pp.  39-77-110.  "  Some  for  their  God  adore  the  snn : "  Gookin,  in 
Coll.  Mass.  Hist.  Soc,  first  series,  vol.  i,  p.  154.  **  Devotion  to  the  principles  of  snn- 
worship  -  -  -  spread  to  the  prominent  peaks  of  the  Monadnock  and  to  the  waters 
of  the  Narragansett:*'  Schoolcraft,  Indian  Triltes,  vol.  v,  p.  104.  "lis  croyent  un 
Dien,  ce  disent  ils :  niais  il  ne  scanent  le  nommer  que  du  nom  du  soleil,  -  -  - 
quand  ils  etoient  en  necessity,  il  prenoit  sa  robe  sacr<^e,  et  se  toumant  vers  TOrient 
disait:  Nostro  soleil,  on  nostre  Dieu  donne-noiis  a  manger:'^  Relation  des  Jesnites, 
A.  D  1611-1522,  vol.  I,  p.  20:  Quebec,  1868.  Indians  of  Martha's  Vineyard  **  begged 
of  the  sun  and  moon  -  -  -  to  send  them  the  desired  favor : "  Mass.  Hist.  Coll., 
first  series,  vol.  i,  p.  140. 

ft  Williams's  ITej^,  p.  111. 

ttMagnalia,  vol.  i,  p.  505;  Hartford,  1820. 

$  J  Schoolcraft,  Indian  Tribes,  vol.  v,  p.  64. 
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Winslow,  *'had  a  great  spacious  house,  wherein  only  some  few  (that 
are,  as  we  may  term  them,  priests)  come;  thither  at  certain  known  times 
resort  all  their  people,  and  offer  all  the  riches  they  have  to  their  godis 
as  kettles,  skins,  hatchets,  beads,  knives,  etc.,  all  of  which  are  cast  by 
the  priests  into  a  great  fire  that  they  make  in  the  midst  of  the  house 
and  there  consumed  to  ashes.  To  this  offering  every  man  brought 
freely,  and  the  more  he  is  known  to  bring,  hath  the  better  esteem  of 
all  men.  This  the  other  Indians  alK)ut  us  approve  of  as  good,  and 
with  their  sachems  would  appoint  the  hke."*  Farther  to  the  east  the 
Souriquois,  as  we  are  told  by  Father  Sagard,f  had  the  same  form  of 
worship. 

In  the  Northwest,  the  sun  and  thunder  were  the  gods  of  the  tribes 
that  lived  around  Green  Bay,  and  in  all  that  region  out  of  which  were 
subsequently  formed  the  States  of  Wisconsin  and  Illinois.^  When  the 
Illinois  came  to  meet  Marquette  on  the  occasion  of  his  voyage — the 
first  ever  made  by  a  white  man — down  that  portion  of  the  Mississippi, 
they  marched  slowly,  lifting  their  pipes  to  the  sun,  as  if  offering  them 
to  him  to  smoke.  They  also  make  a  similar  offering  to  him  when  they 
wish  to  obtain  calm,  or  rain,  or  fair  weather.§  Among  the  Ottawas,  of 
Michigan,  prayers  were  offered  to  the  sun,  and  tobacco  was  burned  as 
a  sacrifice  to  the  same  deity.||    Indeed,  the  use  of  tobacco  as  an  oflferuig 

*  Purchas  Pilgrimh,  vol.  iv,  p.  1868:  Loudon,  1625. 

t  Voyages  des  Hnransj  p.  226:  Pans,  1632.  **  Soleil  <|ui  il»  ont  adoro  et  qui  a  tou- 
jours  4i6  V  object  constant  de  leiir  culte,  do  leurs  liommagew  et  de  leur  adoration  :" 
Kouvelle  Relation  de  la  Gaspesie,  p.  166:  Paris,  1691.  **ll8  appellent  le  Soleil 
Jesus.  -  -  -  De  la  vient  que  quand  nouM  fai.sons  nos  pri^re  il  leur  nemble  que 
comme  eux  nous  addressous  nos  priere  au  soleil:"  Relation  de  la  Xouvelle  France 
en  V  annee  1626,  p.  4 :  Quebec,  1858. 

^Father  Marquette,  in  Relation y  1670,  p.  9().  Charlevoix.  Lettern,  p.  210:  Lon- 
don, 1763.  **Some  of  the  savages  "will  confess  -  -  -  that  the  Sun  is  (»od:''  Hen- 
nepin, Voyage  into  a  yetchj  IHsconrcd  Country^  ]>.  65:  London,  1698.  Father  Mar- 
quette, in  Discorery  and  Exploration  of  the  MinHinnippi,  p.  .54. 

$  Relation  of  Father  Marquette  (.\.  D.  1678),  I.  v.,  pp.  21-22-35 :  New  York,  1852.  The 
Sioux,  though  l)elonging  to  a  different  linguistic  fsnuily,  and  living  on  the  other  side  of 
the  Mississippi,  had  similar  customs.  According  to  Hennepin,  who  is  not  always  good 
authority,  but  who  may,  I  think,  be  followed  in  this  instance,  "they  offer  also  to 
the  Sun  the  best  Part  of  the  Beast  they  kill ;  -  -  -  also  the  first  Smoak  of  their 
Calumets,  -  -  -  which  makes  mo  believe  they  have  a  religious  veneration  for  the 
Sun:"  New  Discovered  Country y  etc.,  vol.  i,  p.  140:  London,  1698.  Compare  on 
this  point  Schoolcraft,  Indian  Tribes,  vol.  ni,  pp.  226-7,  and  Nuttall,  Arkanaa  Ter- 
Htory,  p.  276:  Philadelphia,  1821. 

n  Un  viellard  des  plus  considerables  de  la  Bourgade  fait  fonction  de  Pretre;  il  com- 
mence par  une  Harangue  otudic^e  qu'il  addresse  an  Soleil;  -  -  -  il  declare  tout 
haut  qu  'il  fait  ses  remerciemens  h  cet  astre,  de  ce  qu  'il^  a  (^clairl'  pour  tner  heureuse- 
nient  quelque  b6te :  il  le  prie  et  V  exhorte  j>ar  ce  festin  a  lui  contiimer  les  soins  charita- 
blesqu  'il  ado  sa  famille.  Pcnclant  cette  invocaliim,  tons  les  conviesmangent  Jusqu* 
an  dernier  morceau :  apres  tiuoi  un  honune  destine  a  cela  pn-nd  iin  pain  de  Potun,  lo 
rompt  en  deux  et  le  jette  dans  le  {e\\.  Tout  h*  m<inde  crie  pendant  que  le  petun  s© 
consume,  et  que  la  fumc^e  monte  eu  haul :  et  avrr  ces  clameurs  termine  le  sacrifice:" 
Latitau,  vol.  ii,  i>.  131.  *'Saeriliie  to  the  Sun:*'  La  Hontan,  vol.  li, p.  32.  Relation 
en  V  anni'v  1067,  pp.  7,  11:  Quebec,  1858. 
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seems  to  have  been  universjil  among  the  Ameri<'an  Indians.  Charle- 
voix* and  Laiitaut  both  speak  of  the  practice  as  being  general,  and 
their  statements  are  eonlirmed  by  writers  who  have  left  us  accounts  of 
the  rites  and  ceremonies  as  practiced  by  the  different  tribes.  Thus 
Hariot,  who  wrote  in  the  latter  part  of  the  sixteenth  century,  tells  us 
that  this  plant  was  held  in  such  esteem  by  the  Indians  of  Virginia  that 
they  imagined  that  their  gods  were  pleased  when  it  was  ofiered  to 
them.  It  was  for  this  reason  that  from  time  to  time  they  built  sacred 
fires,  on  which  they  burned  this  plant  as  a  8a<»Tifice.  He  also  adds,  that 
when  they  are  surprised  by  a  tempest  they  scatter  it  upon  the  water  or 
throw  it  up  in  the  air;  and  they  also  put  it  in  their  new  nets  in  order  to 
insure  sucxiess  in  flshing.f  There  was  also  something  of  a  religious 
character  in  the  practice  common  among  all  the  Indian  tribes  of  the 
United  States  of  smoking  the  calumet  as  a  preliminary  to  any  treaty,  or 
bargain,  or  agreement  of  any  kind.  According  to  Charlevoix  the  Indians 
claimed  to  have  "received  the  calumet  from  the  Panis,  to  whom  it  had 
been  given  by  the  sun,  and  they  held  it  so  sacred  that  there  was  prob- 
ably no  instance  of  an  agreement  made  in  this  manner  that  was  ever 
violated.  They  believed  that  the  Great  Spirit  would  not  leave  such  a 
breach  of  faith  unpunished.  -  -  -  In  trade,  when  an  exchange  has 
been  agreeil  upon,  a  calumet  is  smoked  in  order  to  bind  the  bargain, 
and  this  makes  it  in  some  manner  sacred.  -  -  -  There  is  no  reason 
to  doubt  that  the  Indians,  in  making  those  smoke  the  calumet  with 
whom  they  wish  to  trivde  or  treat,  intend  to  call  upon  the  sun  as  a  wit- 
ness and  in  some  fashion  as  a  guarantee  of  their  treaties,  for  they  never 
fail,^  so  the  old  chronicler  tells  us,  "to  blow  the  smoke  toward  that 
star."§ 


*  *'They  make  to  all  these  Spirits  different  sorts  of  offerings,  which  you  may  call, 
if  yoQ  please,  sacrifices.  They  throw  into  the  Rivers  and  the  lakes  Petuniy  Tobacco, 
or  birds  that  have  had  their  throats  cut,  to  render  the  God  of  the  waters  propitious 
to  them.  In  honor  of  the  Sun,  and  sometimes  also  of  the  Inferior  Spirits,  they  throw 
into  the  Fire  Part  of  every  Thing  they  use,  and  which  they  acknowledge  to  hold 
from  them.  It  is  sometimes  out  of  Gratitude,  but  oftener  through  Interest :"  Letters 
p.  252. 

f  **11  est  certain  que  le  Tabac  est  en  Amerique  uue  herbe  cousacrd  a  plusieurs  ex- 
ercices,  et  a  plusieurs  usages  de  la  Religion:''  Moeurs  des  Sauragea  JmeriquainSf 
vol.  II,  p.  133,  et  seq.,  also  vol.  i,  p.  179.  Schoolcraft,  vol.  vi,  note  to  j).  109,  says: 
**The  Nicotiana  was  smoked  and  offered  as  incense  to  the  Great  Spirit  by  all  the 
northern  tribes." 

tllakluyt,  Voyages y  vol.  in,  p.  330:  London,  1810.  Compare  Champlain,  p.  208: 
Paris,  1632.  Sagard,  Voyage  des  Hnrom^  vol.  i,  p.  151 :  Paris,  1865.  Bartram,  p. 
479.     Relation  en  V  annie  1637^  pp.  108-144. 

^  Charlevoix,  Letters,  pp.  133,  et  seq. :  London,  1763.  Bartram,  in  his  M8S.  quoted 
in  Serpent  Symboly  p.  69:  New  York,  1851,  says  of  the  Creeks:  ♦^They  pay  a  kind  of 
homage  to  the  Sun,  Moon,  and  Planets.  -  -  -  They  seem  particularly  to  reverence 
the  Sun  as  the  symbol  of  the  Power  and  Beneficence  of  the  Great  Spirit,  and  as  his  min- 
ister. Thus  at  treaties  they  first  puff  or  blow  the  smoke  from  the  great  pipe  or  calu- 
met towards  that  luminary;  and  they  look  up  to  it  with  great  reverence  and  ear- 
nestness when  they  confirm  their  talks  or  speeches  in  council  as  a  witness  of  their 
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If  now  we  turn  tx)  the  tribes  of  the  Huron-Iroquois  stock,  we  shall 
find  that  the  sun  was  not  less  an  object  of  worship.  In  the  Relation  of 
1648  we  are  told  that  they  invoked  him  as  a  judge  of  their  sincerity, 
who  saw  into  the  depth  of  all  hearts,  and  who  would  punish  the  per- 
fidy of  those  who  broke  the  ir  faith,  or  failed  to  keep  their  word.  Lafitau 
states  positively  that  Areskoui  and  Agreskou^  (the  difference  is  said  to 
be  linguistic),  the  war  god  of  the  Hurons  and  the  Iroquois,  was  but 
another  name  for  the  sun,  '*  who  was  their  Divinity  as  he  was  that  of 
all  the  Americans."*  La  Hontan  confirms  the  fact  of  their  worship  of 
this  luminary,  and  says  that,  when  '^  asked  why  they  adore  God  in  the 
sun  rather  than  in  a  tree  or  a  mountain,"  their  answer  is  that  they 
choose  to  admire  the  Deity  in  public,  pointing  to  the  most  glorious 
thing  that  nature  affords.t  According  to  LafitauJ  they  had  no  tem- 
])les,  and  did  not  keep  up  a  perpetual  fire;  at  least  there  was  not  a  ves- 
tige left  of  any  such  building  in  his  time,  and  no  mention  of  any  such 
institution  in  any  of  the  *'  Relations  "  of  the  Jesuit  Fathers.  This  how- 
ever can  hardly  be  considered  decisive  of  the  point,  since  we  are  given 
to  understand  that  these  tribes  had  lost  many  of  their  religious  cus- 
toms ;§  and  in  this  very  connection  are  assured  that  the  fire  on  their 
hearths  took  the  place  of  an  altar,  and  that  as  was  the  case  among  the 
Creeks  and  Cherokees,  their  "  council  houses  served  them  as  temples."|| 
Bearing  upon  this  point,  and  as  an  evidence  of  the  identity  of  the 
religious  rites  and  ceremonies  every  where  prevalent,  we  may  note  that 
once  a  year  they  were  accustomed  to  put  out  all  the  fires  of  the  tribe 
and  to  rekindle  them  with  fire  supplied  by  the  i)riests,1]  as  was  the 
case  among  the  Southern  tribes.  Morgan  it  is  true  does  not  mention 
this  custom  in  his  account  of  the  Iroquois  festivals,  but  he  describes 
the  practice  of  "stirring  the  a»shes  on  the  hearth,"  which  took  place  at 
their  New  Year's  Jubilee,**  and  it  is  possible  that  there  may  have  been 
some  connection  between  the  two. 

Among  their  sacrifices  there  were  some  that  seem  to  have  been  pe- 
culiar to  the  northern  nations.  Thus,  for  instance,  although  the  dog 
was  a  favorite  article  of  food  among  the  tribes  both  north  and  south  of 
the  Ohio,  and  was  not  unfrequently  offered  as  a  sacrifice,  yet  I  do  not 
find  that  anywhere  else  they  "hung  him  up  alive  on  a  tree  by  the  hind 
feet  and  let  him  die  there  raving  mad."tt    They  were  in  the  habit  of  ex- 


contracts."  *'08age8  smoke  to  God  or  to  the  Sun:"  NuttaH,  Arkanaa  TerritiMrjfr  V' 
95:  PhUadelphia,  1821. 

*  MofUVH  d€8  Saiivages  Anieriqitaina^  vol.  i,  p.  132-206:  Paris,  1724. 

tLa  Hontan,  Voyages  vol.  ii,  pp.  22  and  33:  London,  1703. 

X  Lafitau,  vol.  i,  p.  165. 

$  Ibid,,  vol.  I,  pp.  282-341. 

||/Wd.,  vol.  I,  p.  167. 

H  Schoolcraft,  Notes  m  the  Iroquois,  p.  85:  New  York,  1846. 

** Morgan,  League  of  the  Iroquois,  p.  207,  et  seq, :  Rochester. 

ft  Lafitau,  vol.  i,  p.  180,  says  that  this  custom  prevailed  a«nong  the  Montagnais  and 
other  Algonquin  tribes  to  the  norths  but  Charlevoix  makes  no  such  distiuction.    He 
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posing,  on  the  tops  of  their  cabins,  strings  and  necklaces  of  beads, 
bunches  of  corn,  and  even  animals,  which  they  consecrated  to  the  sun.* 
They  also  made  bunit  oiferin^s  to  tlie  same  divinity  of  corn,  of  animals 
taken  in  the  chase,  and  of  tobacco  or  other  plants  that  served  them  in 
its  place,t  in  much  the  same  manner  as  was  done  among  the  tribes  be- 
longing to  the  Algonquin  and  Appalachian  families.  In  their  war  sac- 
rifices the  Iroquois  take  "the  leg  of  a  deer  or  bear,  or  some  other  wild 
beast,  rub  it  with  fat,  and  then  throw  it  on  the  fire,  praying  the  sun  to 
accept  the  oflfering,  to  light  their  paths,  to  lead  them  and  give  them  the 
victory  over  their  enemies,  to  make  the  corn  of  their  fields  to  grow,  to 
give  them  a  successftil  hunt  or  fish." J  They  also  ha<l  their  annual  festi- 
vals, among  which  that  of  the  green  corn  was  one  of  the  most  impor- 
tant. It  was  celebrated  when  the  corn  became  fit  for  use,  usually  lasted 
several  days,  and  was  the  counterpart  of  the  feast  of  the  Busk,  as  ob- 
served among  the  Indians  of  the  Gulf  States.  Morgan  paints,  with  a 
loving  hand,  the  simple  ceremonies  with  which  the  Iroquois  of  later 
times  were  wont  annually  at  this  festival,  to  return  thanks  to  the 
Great  Spirit  for  his  bouuty,  and  to  solicit  a  continuauce  of  his  favor 
and  protection.  It  was  at  this  time  that  they  offered  a  sacrifice  of 
tobacco,  believing  that  they  could  communicate  with  him  through  its 
incense ;§  and  in  their  jirayers  they  returned  thanks  "to  our  mother, 
the  earth,  which  sustains  us;  -  -  -  to  the  corn,  and  to  her  sisters, 
the  beans,  and  the  squashes,  which  give  us  life;  -  -  -  to  the  sun, 
that  he  looked  upon  the  earth  with  a  benificent  eye,  and  lastly  to  the 
Great  Spirit,  in  whom  is  embodied  all  goodness,  and  Mho  directs  all 
things  for  the  good  of  his  children.''  || 

Thus  far  we  have  been  considering  the  religious  rites  and  customs  of 
the  different  tribes  of  Indians  that  occupied  the  eastern  portion  of  the 
Mississippi  Valley,  and  we  have  seen  that  there  was  a  general  same- 
ness pervading  them,  and  that  all  grew  out  of,  or  were  connected  with, 
the  worship  of  the  sun.  If  now  we  turn  from  this  theme  and  examine 
into  their  myths,  we  shall  find  that,  though  the  path  be  different,  yet 
it  leads  to  the  same  result. 

Accepting  the  Natchez  as  a  type  of  the  group  of  Southern  tribes,  we 
are  told  that,  ages  ago,  a  child  of  the  sun,  who  saw  and  pitied  their 
disorganized  condition,  came  down  with  his  wife  for  the  purpose  of  es- 
tablishing order  and  instituting  religious  rites  and  ceremonies  among 
them.    He  gave  them  certain  precepts — political  as  well  as  religious — 


asserts  it  of  all  the  Indiana  of  Canada.  See  Letifr^  p.  252.  Oompare  League  of  the 
Iroquois,  pp.  207  ei  %eq,y  and  McKenzie,  History  of  Fur  Trade,  quoted  in  p.  121  of  Ser- 
pent Symbol, 

*  Charlevoix,  Letters,  p.  252.     Lafitau,  vol.  i,  p.  180. 

t  Laiitau;  vol.  i,  p.  179. 

t  Ibid.,  vol.  I,  pp.  208, 209 :  Paris,  1724. 

^League  of  the  Iroquoi9,  pp.  198,  217:  Rochester,  1851. 

IKid.,  p.  203,  204. 
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for  their  better  government;  and  having  conducted  them  into  a  better 
laud,  he  became  at  last,  after  much  solicitation,  their  sovereign.  It 
was  through  him  that  the  Natchez  claimed  their  descent  from  the  san, 
and  from  him  they  took  the  official  title  of  their  chief.  This  is  the 
myth  as  told  by  Du  Pratz,*  and  though,  unfortunately,  the  religious 
precepts  which  are  said  to  have  been  inculcated  bear  a  most  suspicions, 
and,  under  the  circumstances,  absurd  likeness  to  the  Ten  Command- 
ments, yet  it  is  possible  that  the  rest  of  the  story  may  be  genuine. 

Among  the  Algonquin  tribes  we  are  on  firmer  ground.  Here  we 
have  the  old  story  of  "  the  conflict  between  light  and  darkness,  in  which 
the  former,  personified  under  the  name  of  Michabo,  is  the  conqueror. 
He  is  the  giver  of  light  and  life,  the  creator  and  preserver,  -  -  - 
and  in  origin  and  deeds  he  is  the  not  unworthy  personification  of  the 
purest  conception  they  possessed  of  the  Father  of  All.  To  him,  at 
early  dawn,  the  Indian  stretched  forth  his  hands  in  prayer;  and  to  the 
sky  or  the  sun  as  his  home"  t  or,  it  may  be  added,  as  his  representative, 
or  as  this  deity  himself,  he  offered  the  first  whiflf  of  his  morning  pipe. 

Among  the  Huron-Iroquois  we  find  the  same  myth,  though  under 
different  names.  With  them  the  contest  was  between  loskeha  and 
Tawiscara,  names  which,  according  to  Brinton,  signify,  in  the  Oneida 
dialect,  the  White  one  and  the  Dark  one.  *'  They  were  twins,  born  of 
a  virgin  mother,  who  died  in  giving  them  life.  Their  grandmother  was 
the  moon,  called  by  the  Hurons  Ataensic.  -  -  -  The  brothers  quar- 
reled, and  finally  came  to  blows,  the  former  using  the  horns  of  a  stag 
and  the  latter  the  wild  rose.  He  of  the  weaker  weapon  was  very  nat- 
urally discomfited  and  sorely  wounded.  Fleeing  for  his  life,  the  blood 
gushed  from  him  at  every  step,  and  turned  into  flint  stones.  The  vic- 
tor returned  to  his  grandmother,  and  established  his  lodge  in  the  far 
east,  on  the  borders  of  the  great  oe^an  whence  the  sun  comes.  In  time 
he  became  the  father  of  mankind,  and  the  special  guardian  of  the  Iro- 
quois. The  earth  was  at  first  arid  and  sterile,  but  he  destroyed  the 
gigantic  frog  which  had  swallowed  the  waters,  and  guided  the  torrents 
into  smooth  streams  and  lakes.  The  woods  he  stocked  with  game;  and 
having  learned  from  the  tortoise  how  to  make  fire,  he  taught  his  chil- 
dren, the  Indians,  this  indispensable  art."  J  "Without  his  aid,''  says 
Father  Breboeuf,  "they  did  not  think  their  pots  would  boil.  -  -  - 
He  it  was  who  gave  them  the  corn  which  they  ate,  and  who  made  it 
grow  and  ripen;  if  their  fields  were  green  in  the  spring-time,  if  they 


"History  of  Louisiana,  vol.  ii,  p.  175  et  seq.,  and  London,  1763. 

t  Brinton,  Myths  of  the  Xeto  Worid,  p.  18:^:  New  Yorlv,  1876.  Compare  Schoolcraft, 
Indian  Tribes,  vol.  v,  pp.  402-417.  Jlelaiion  de  la  NourcUe  France  en  V  ann^e  IGS.i- 
M34,  pp.  16  and  13  respectively:  Quebec,  1858.  Lafitau,  vol.  i,  pp.  126-145:  Paris, 
1724.    La  Potherie,  vol.  ii,  chajiter  i :    Paris  1753. 

tThus  far  I  have  copied  Brinton.  Myths  of  the  Xeiv  Iforld,  p.  18i^,  who  has  fol- 
lowed Father  Breboeuf,  Bel  at  ion  de  la  Xouvelle  France  en  V  annei^  1636,  secondc 
partie,  chap,  i :  Quebec,  1858.  In  what  follows  I  prefer  to  stick  to  the  text  of  the 
old  Father. 
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gathered  plentiful  harvests,  and  their  cabins  overflowed  with  grain, 
they  owed  thanks  to  no  one  save  loskeha,''*  the  sun.t 

This  completes  oui*  brief  examination  into  the  religious  belief  and  cus- 
toms of  the  American  Indians  living  east  of  the  Mississippi  and  south 
of  the  Great  Lakes.  In  it  we  have  glanced  rapidly  at  their  myths  and 
their  beliefs,  and  the  rites  and  ceremonies  to  which  these  gave  rise, 
and  we  have  found  that  each  line  of  investigation  led  to  one  and  the 
same  result.  In  view  then  of  this  uniformity,  and  of  the  overwhelm- 
ing area  of  direct  evidence  that  has  been  ottered  on  the  i)oint,  I  do  not 
think  it  is  overstepping  the  bounds  of  moderation  to  claim,  with  the 
old. chronicler, that  within  tlie  limits  named,  ''the  American  Indians, 
so  far  as  known,  without  the  exception  of  a  single  tribe,  worshipped  the 
sun.^t 

III. — THE   INDIANS  AS  MOUND-BUILDEBS. 

Thus  far  in  the  course  of  this  investigation  my  position  has  been 
rather  a  negative  one.  It  is  true  that  an  effort  has  been  made  to  show, 
and  it  is  believed  with  some  measure  of  success,  that  the  red  Indian  of 
historic  times  was  both  an  agriculturist  and  a  worshiper  of  the  sun, 
and  that  hence,  even  ac^'ording  U)  the  admission  of  those  who  hold  a 
contrary  opinion,  there  are  no  reasons,  a  priori^  why  he  could  not  have 
erected  these  works.  This  is  unquestionably  a  step  in  the  right  direc- 
tion; and  with  this  point  gained,  I  might  well  afford  to  rest  the  argu- 
ment. It  would  not  however  be  by  any  means  decisive  of  the  ques- 
tion as  to  the  origin  of  these  structures,  since  the  fact  that  an  Indian 
might  have  built  them  does  not  justify  us  in  concluding  that  he  ac- 
tually did  do  so.  To  fill  up  as  far  as  possible  the  gaj)  that  separates 
the  ability  to  do  a  certain  piece  of  work  from  its  actual  i)erformance,  it 
will  be  necessary  in  this  case  to  abandon  the  seemingly  negative  posi- 
tion hitherto  occupied,  and  to  inquire  whether  there  is  any  evidence 
that  the  Indian  has  at  any  time  constructed  works  of  the  same  charac- 
ter, though  perhaps  not  of  the  same  size  as  the  largest  of  those  found 
in  the  Ohio  Valley.  If  it  can  be  shown  that  he  has  done  so  it  is  be- 
lieved that  it  will  justify  us  in  ascribing  all  these  structures  to  his 
agency,  for  the  reason  that  these  mound  centers,  with  scarcely  a  single 


*  **  lis  tienuent  aussi  que  saus  lauskeha  leiir  cbaudiere  ue pourroit  bouiUir,  -  -  - 
a  les  entendre,  v'  est  louHkeba  qui  lenr  donue  le  bled  qu'  ils  luangent,  c'  est  luy  qui  le 
faii  crostre  et  le  conduit  a  maturit<^;  s'  lis  voyent  Icurs  campagues  verdoyantes  au 
Printemps,  «*  ils  reoueinent  de  belles  et  ]danturpu8e8  moissonH,  et  si  leurs  rabaues 
regorgent  d'  espirs,  ils  u'eii  out  robligatiou  qu'a  louskeba:"  liclation  de  la  Xoh- 
reUe  France  en  V  otiitee  161^,  p.  103:  Quebec,  1858. 

t*^  Mais  pour  retoumer  j\  Aataentsic  et  louskehay  ils  tienneiit  que  ioii«AT/ia  est  le 
Soleil,  et  Aaiaentsiola  Lune,  et  toute-fius  leur  cabane  est  situe<^  au  bout  de  la  terro : " 
BeJaiion,  1636,  p.  102:  Quebec,  1858. 

X  *'Le  Soleil  est  la  Divinit*^  dcs  IVuples  do  rAmerique,  sans  en  excepter  aucun  de 
ceux  qui  nous  sont  connus:"  Lafitau,  Moeurs  dea  Saurages  Amar%qua\ns^\o\,  i,  p. 
130:  Paris,  1724. 
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exception,  cau  be  proven  to  have  been  at  some  time  the  seats  of  mound- 
building  Indians,  and  because  never,  so  far  a«  we  know,  have  tliey 
been  held  even  temporarily  by  any  other  rac^e  of  people  previous  to  the 
arrival  of  the  whites. 

In  pursuinp^  this  branch  of  our  inquiry  the  only  method  open  to  us 
is  to  ])roceed  by  comparison.  For  obvious  reasons  we  can  never  know 
the  particnlar  individuals  by  whom  these  works  were  erected,  nor  can 
we,  except  in  a  few  cases,  even  hope  to  do  more  than  approximate  the 
time  when  they  were  built.  All  that  can  be  accomplished  in  the  pres- 
ent state  of  our  knowledge  is  to  show  by  a  comparison  of  these  re- 
mains with  similar  works  that  are  known  to  have  been  erected  by.  the 
modern  Indians  that  there  are  no  such  ditt'erences  between  them  as 
would  authorize  the  inference  that  they  were  built  by  difterent  peo- 
ples, or  by  the  same  people  in  different  stages  of  civilization. 

To  institute  a  comparison  of  this  character  seems  like  a  very  simple 
matter,  and  it  would  be  so  if  there  were  any  way  of  establishing  a  hard 
and  fast  line  of  demarcation  between  the  works  of  the  Indians  anfi  those 
of  the  so-called  mound -builders.  Unfortunately  however  or  perhaps 
it  might  be  more  correct  for  me  to  say  fortunately,  nothing  of  the  kind 
can  be  done;  for  though,  as  a  matter  of  fact,  the  mounds  and  earth- 
works of  the  Mississippi  Valley  do  vary  indefinitely  in  size,  shape,  looA- 
tion,  grouping,  and  jwssibly  in  many  other  respects,  yet  these  are  all 
differences  of  degree  and  not  of  kind ;  and  however  great  the  distance 
between  the  extremes  in  any  one  of  these  i)articulars,  it  is  not  of  such 
a  radical  character  as  to  indicate  a  difference  in  the  civilization  of  the 
people  who  constructed  the  works.  Given  time  and  an  indefinite  sup- 
ply of  laborers,  and  there  is  no  reason  why  the  people  who  built  one 
might  not  have  built  any  and  all  of  them.  The  simple  manual  labor 
necessary  to  their  construction  was  essentially  the  same  in  every  case, 
the  only  question  being  as  to  the  amount.  That  this  is  so  is  evident 
from  the  fact  that  when  considered  solely  with  reference  to  the  kind 
and  amount  of  this  labor,  these  works  are  found  to  grade  into  each 
other  by  such  imperceptible  stages  that  admitting  them  to  have  been 
erected  by  different  peoples,  it  is  impossible  to  say  where  the  work  of 
one  ended  and  that  of  the  other  began.  This  statement  has  I  know 
met  with  more  or  less  opposition,  and  it  is  quite  likely  that  in  the 
future,  as  in  the  past,  we  shall  be  told  of  the  existence  of  some  line  of 
demarcation  between  them,  though  it  is  possible  that  the  attempt'  to 
fix  and  define  it  will  not  meet  with  any  better  success  than  has  crowned 
former  efforts  in  the  same  direction.  Size,  shape,  and  probable  tise 
have  at  different  times  been  thought  to  furnish  a  key  to  the  mystery; 
and  either  singly  or  together  they  are  still  (wcasionally  made  to  do 
duty  in  this  cai)acity ;  but  w  ith  all  due  deference  to  those  who  so  i)er- 
tinaciously  seek  for  differences  where  none  exist,  it  may  be  said,  without 
fear  of  successfid  contra<liction,  that  thus  far  not  one  of  these  so  called 
distinguishing  features  has  been  able  to  stand  the  test  of  intelligent 
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criticism;  and  that  to-day  it  looks  very  much  as  if  it  would  be  neces- 
sary to  fall  back  upon  what  a  recent  writer  terms  "indefinable  marks" 
and  '^  resemblances  that  cannot  be  described,"  in  order  to  find  a  foun- 
dation for  the  theory  of  a  difference  in  the  character  of  these  works, 
and  consequently  in  the  civilization  of  the  i)eople  who  built  them. 
Indeed,  the  advocates  of  this  theory  do  not  agree  among  themselves  as 
to  where  this  line  should  be  drawn ;  and  from  the  very  nature  of  the 
case  it  may  well  be  doubted  whether  it  is  possible  for  them  ever  to  attain 
any  very  great  degree  of  harmony.  The  mound-builders  are  at  best 
a  mythical  people,  who  owe  even  their  imaginary  existence  to  the  nec- 
essity of  accounting  for  a  state  of  affairs  that  is  in  great  part  assumed ; 
and  of  course  any  standard  by  which  to  judge  the  works  they  are  sup- 
posed to  have  executed  must  vary  with  the  fancy  of  the  writer  or  the 
exigencies  of  the  argument.  But  even  if  this  were  not  the  case,  and 
there  were  no  subjective  obstacles  in  the  way  of  uniformity  of  opinion 
upon  this  vital  j>oint,  it  would  still  be  impossible  to  establish  any  test 
or  standard,  for  the  reason  that,  except  in  the  fact  that  a  large  major- 
ity of  the  mounds  and  embankments  "  fire  made  of  earth  simply  heaped 
up,  with  little  or  no  care  in  the  choice  of  material,  and  none  at  all  in 
the  order  of  deposit,"*  there  are  no  two  of  them  that  are  alike;  and 
without  the  presence  of  some  conformation  that  is  at  least  constant, 
it  is  of  course  idle  to  speak  of  a  type  or  standard. 

To  make  this  point  clearer,  let  us  glance  at  th'ese  remains  as  they 
have  come  down  to  us,  and  putting  a.side,  as  far  as  possible,  all  theories 
and  si>eculations  as  to  their  origin  and  use,  let  us  question  them  as  to 
the  civilization  of  which  they  are  the  silent  witnesses.  To  this  end,  it 
will  be  advisable  to  discard,  as  far  as  may  be  consistent  with  clearness, 
the  descriptive  nomenclature  that  has  been  used  in  the  classification 
of  these  works,  and  to  adopt  one  that  will  be  less  productive  of  false 
and  erroneous  ideas  as  to  the  object  or  purjwse  for  which  many  of  them 
were  intended.  As  an  instance  of  the  errors  arising  from  this  source, 
take  the  term  "sacred  inch)8ure,"  which  has  been  applied  to  a  class  of 
works  that  is  usually  found  upon  the  broad  and  level  river  terraces, 
and  is  composed  of  mounds  and  embankments  or  inclosures,  sometimes 
standing  alone,  but  more  frequently  grouped  together  in  a  more  or  less 
complicated  manner.  This  term  has  been  long  in  use,  and  by  a  sort  of 
prescriptive  right  is  sometimes  regarded  as  describing  accurately  the 
character  of  the  works  to  which  it  has  been  applied,  when  in  point  of 
fact  it  does  nothing  of  the  kind.  A  few  of  these  inclosures  may  i>os- 
sibly  owe  their  origin  to  a  religious  sentiment,  but  of  the  large  majority 
of  them  it  may  be  safely  said,  in  view  of  recent  investigations,  that  they 
were  simply  fortified  villages.  Self-protection  was  the  primary  object 
of  the  people  who  lived  behind  these  walls,  and  except  in  the  single 
fact  that  some  of  the  truncated  mounds  occasionally  found  associated 


•  Uancroft,  Native  Races  of  the  Pacific  States,  vol.  iv,  p.  766:  New  York,  1875. 
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with  them  may  have  been  the  sites  of  rude  mud  temples,  there  is  not  a 
particle  of  evidence  to  show  that  they  had  anything  to  do  with  any  re- 
ligious rite  or  custom  whatsoever.  Indeed,  if  it  be  admitted  that  the 
mound-builder  belonged  to  a  race  separate  and  distinct  from  the  In- 
dian, it  can  not  be  conclusively  shown  that  he  had  any  religion  at  all, 
What  little  evidence  there  is  bearing  upon  the  point  is  drawn  from 
analogy,  and  singularly  enough  is  based  upon  the  fact  that  the  Indians 
of  the  Southern  States,  from  Florida  to  Missouri, -erected  just  such 
mounds  as  sites  for  their  temples.*  Unfortunately  however  for  the 
analogy,  these  same  Indians  were  in  the  habit  of  placing  the  cabins  of 
their  chiefs  upon  precisely  similar  mounds,  which  were  also  built  espe- 
cially for  the  puipose.t  This  fact  alone  is  sufficient  to  invalidate  any 
conclusion  as  to  the  religious  character  of  these  structures;  and  of 
course  any  inference  as  to  the  object  or  purpose  of  the  inclosures  in 
which  they  are  sometimes  found,  based  upon  this  conclusion,  must  fall 
with  it.  But  even  if  these  works  were  all  that  is  claimed  for  them,  it 
is  difficult  to  understand  how  this  fact  could  be  construed  into  an  argu- 
ment in  favor  of  the  theory  that  these  truncated  mounds,  which  are 
everywhere  identical  in  form  and  in  the  probable  uses  for  which  they 
were  intended,  could  have  been  the  work  of  two  different  peoples,  or 
of  the  same  people  in  different  stages  of  civilization,  though  its  im- 
portance as  a  link  in  the  chain  of  evidence  that  points  to  the  identity 
of  the  Southern  Indians  with  the  mound-builders  is  at  once  apparent 

Keturning  from  this  long  digression,  and  bearing  in  mind  the  caution 
as  to  the  misleading  character  of  the  terms  used  in  these  investigations, 
let  us  resume  the  thread  of  our  inquiry,  and  divesting  these  remains  of 
the  glamour  that  attaches  to  them  as  the  work  of  an  extinct  people,  let 
us  endeavor  to  see  them  as  they  are,  and  to  interpret  as  far  as  may  be 
the  story  they  have  to  t«ll. 

Speaking  in  a  general  way,  the  Mississippi  Valley  system  of  earth- 
works may  be  said  to  embrace  all  that  region  that  lies  between  the 
Great  Lakes  on  the  north  and  the  Gulf  of  Mexico  on  the  south,  and  to 
be  bounded  on  the  west  by  the  tier  of  States  that  lines  the  western 
bank  of  the  Mississippi,  and  on  the  east  by  a  line  drawn  through  the 
middle  of  the  States  of  New  York,  Pennsylvania,  and  Virginia,  and 
extending  southwardly  so  as  to  include  the  greater  part  of  the  two 
Carolinas  and  the  whole  of  Georgia  and  Florida.  It  is  true  that  simi- 
lar works  are  found  outside  of  these  limits,  but  for  my  present  purposes 
it  will  not  be  necessary,  except  in  one  or  two  instances,  to  travel  beyond 
the  bounds  here  prescribed.  Throughout  the  whole  of  this  region  these 
remains  are  more  or  less  abundant,  though  different  forms  of  mounds 


*See  anttf  note  ^  on  p.  540. 

tBiedtua  and  Knight  of  Elvas,  iu  Hisi.  Coll.  of  Louisiana^  part  ii,  pp.  106  and  123: 
La  Vega,  Conqufie  de  la  Floride^  pp.  136  and  294 :  A  la  Hayc,  1735.  Herrera,  vol.  vi, 
pp.  5  and  6:  London,  1740.  La  Harpc  and  Le  Potit.  in  Hist,  Coll.  of  Louisiana ^  part 
III,  pp.  106  and  note  to  p.  142.  Du  l*ratz,  Histoty  of  Louiciana,  voL  li,  p.  188:  Lon- 
don, 1763. 
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aud  earthworks  seem  to  prevail  in  differeut  sections,  as,  for  instance, 
tlie  animal  monnds  in  Wisconsin,  the  inelosures  in  Ohio,  and  the  tmn- 
cated  monnds  in  the  States  farther  to  the  south.  All  kinds  however 
are  represented  in  the  Ohio  Valley,  and  it  is  probably  safe  to  say  that, 
within  that  basin,  they  are  more  numerous,  of  larger  size,  and  more 
complicated  patterns  than  can  be  found  elsewhere  in  the  United  States. 
Taken  as  a  whole,  they  may  be  roughly  divided  into  two  grand  divis- 
ions— mounds  and  enbankments, — and  these  can  again  be  sub-divided 
into  numerous  groups.  Beginning  with  the  embankments  or  inelosures^ 
we  find  that  they  are  generally  of  earth — rarely  of  stone, — and  that  they 
are  situated  on  the  level  river  terraces,  or  else  occupy  the  tops  of  hills 
or  other  naturally  strong  positions.  According  to  their  situation,  they 
have  been  divided  into  works  of  defense  and  sa<*red  inelosures,  or  as  I 
prefer  to  call  them,  hill-forts  and  fortified  villages  The  former  of  these 
almost  always  followed  the  outlines  of  the  hill,  aud  are  hence  more  or 
less  irregular  in  shape.  In  some  of  them  the  whole  top  of  the  hill  is 
inclosed  by  a  wall,  whilst  in  others  only  the  more  exi)osed  points  are 
so  defended.  The  fortified  villages  are  usually  found  on  a  level  plain — 
one  of  the  river  benches  or  terraces  being  generally  selected.  They  are 
of  various  sizes  and  shapes,  though  the  square  and  circle  predominate, 
and  are  often  found  united  in  a  seemingly  arbitrary  manner.  The 
height  of  the  wall  around  the  inclosure,  measured  from  the  bottom  of 
the  ditch  that  usually  accompanies  it,  varies  from  a  few  feet  up  to  30. 
In  many  instances  it  is  now,  and  must  always  have  been,  too  insignifi- 
cant to  offer  any  serious  obstacle  to  an  attacking  force;  and  this  has 
given  rise  to  the  suggestion  that  these  embankments  were  formerly 
surmounted  by  stockades,  as  was  the  case  with  the  villages  of  the  recent 
Indians.  Without  stopping  now  to  inquire  into  the  probability  of  this 
explanation,  it  is  sufficient  to  say  that  there  cannot  be  the  slighest 
doubt  as  to  its  truth  in  regard  to  some  of  them.  Brackenridge*  states 
the  fact  positively,  and  Atwater  tells  us  that  half-way  up,  on  the  out- 
side of  the  inner  wall  that  surrounded  the  circle,  or  as  he  calls  it  the 
"round  fort,''  which  formed  a  part  of  the  large  and  complicated  series 
of  works  that  once  occupied  the  site  of  the  present  town  of  Circleville, 
Ohio,  "there  is  a  place  distinctly  to  be  seen  where  a  row  of  pickets 
once  stood,  and  where  it  was  placed  when  this  work  of  defense  was 
originally  erected.''  t  In  point  of  size  these  works  varied  greatly. 
Some  of  the  smaller  circles — probably  the  ruins  of  mud  lodges  or  tem- 


*  Views  of  Lou'tHiana,  pp.  21  aud  182-3:  Pittsburg,  1814. 

t  Arch€Pologia  Americana,  vol.  i,  p.  145:  Worcester,  Mass.,  1820.  As  these  works 
win  be  referred  to  hereafter,  I  add  a  description  from  the  same  book,  pp.  141-2: 
**  There  are  two  forts  which  are  Joined  to^^ether,  one  being  an  exact  circle,  the  other 
an  exact  square.  The  fonuer  is  surrounded  by  two  walls,  with  a  deep  ditch  between 
them.  The  latter  is  encompassed  with  one  wall,  without  any  ditch.  The  former 
was  69  rods  in  diameter,  measuring  from  outside  to  outside  of  the  circular  outer 
wall ;  the  latter  is  exactly  55  rods  square  measuring  the  same  way.  The  walls  of  the 
circular  fort  were  at  least  20  feet  in  height,  measuring  from  the  bottom  of  the  ditch. 
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pies  similar  to  those  described  as  having  existed  among  the  Southern 
Indians,*  and  which  may  still  be  seen  among  some  of  the  tribes  of  the 
Upper  Missouri  t — are  not  more  than  50  feet  in  diameter,  whilst  the 
groups,  or  series  of  works  in  which  the  different  forms  are  united,  not 
unfrequently  covered  hundreds  of  acres,  or,  as  was  the  case  with  the 
works  at  Newark,  Ohio,  were  scattered  about  over  an  area  of  2  miles 
square.  | 

The  situation  of  the  ditch  with  reference  to  the  wall  was  a  matter  in 
which  there  was  but  little  if  any  uniformity,  it  being  sometimes  on  one 
side  of  the  wall  and  sometimes  on  the  other.  At  one  time  this  feature 
was  thought  to  furnish  a  criterion  by  which  to  judge  the  character  of 
the  work,  and  Mr.  Squior  quotes  approvingly  English  authorities  to  the 
effect  'Hhat  the  circumstance  of  the  ditch  being  within  the  vallum  is  a 
distinguishing  mark  between  religious  and  military  works."  §  Tliis  i>o- 
sition  however  does  not  hold  good  with  regard  to  earth- works  in  the 
United  States,  since  it  is  matter  of  record  that  in  some  of  the  stockaded 
forts  of  the  recent  Indians  the  ditch  was  on  the  inside  of  the  wall, 
whilst  in  others  there  was  a  ditch  on  each  side.  ||  Indeed,  when  we  con- 
before  the  town  of  Circleville  was  built.  The  ioner  wall  was  of  clay,  taken  up 
probably  in  the  northern  part  of  the  fort  where  was  a  low  place,  and  is  still  con- 
siderably lower  than  any  other  part  of  the  work.  The  outside  wall  was  taken  from 
the  ditch  which  is  between  these  walls,  and  is  alluvial,  consisting  of  pebbles  worn 
smooth  in  wat^r,  and  sand,  to  a  very  considerable  depth,  more  than  50  feet  at  least, 
llie  outside  of  the  walls  is  about  5  or  6  feet  in  height  now;  on  the  inside,  the  ditch 
is,  at  present,  generaUy  not  more  than  15  feet.  They  are  disappearing  before  us 
daily,  and  will  soon  be  gone.  The  walls  of  the  square  fort  are,  at  this  time,  where 
left  standing,  about  10  feet  in  height.  There  are  eight  gateways  or  openings  lead- 
ing into  the  square  fort,  and  only  one  into  the  circular  fort.  Before  each  of  these 
openings  was  a  mound  of  earth  perhaps  4  feet  high,  40  feet  perhaps  in  diameter  ut 
the  base,  and  20  or  upwards  at  the  summit.  These  mounds  for  2  rods  or  more  are 
exactly  in  front  of  the  gateways,  and  were  intended  for  the  defense  of  these  open- 
ings." 

*  Joutel,  in  HUt  ColL  of  Louisiana^  parti,  p.  14S.  Among  the  Alachua  (Floridian) 
Indians,  we  are  told  by  Bartram  that  *Hheir  dwellings  stand  near  the  middle  of  a 
square  yard,  encompassed  by  a  low  bank,  formed  with  the  earth  taken  out  of  the 
yard,  which  is  always  carefully  swept:"  Travels  through  Florida,  p.  192. 

tCatlin,  North  American  Indians,  vol.  i,  p.  81:  London,  1848.  In  the  Peabody 
Museum  of  American  Archaeology  and  Ethnology  at  Cambridge,  Mass.,  there  is  a 
model  of  one  of  these  mud  lodges,  such  as  is  now  in  use  among  the  Omahas. 

X  Ancient  Monuments  of  the  Mississippi  Valley^  p.  67. 

^Ihid.,  chap.  Ill,  note  to  p.  47. 

II Charlevoix,  Histoire  de  la  Xouvelle  France,  vol.  iv,  p.  156:  Paris,  1744.  School- 
craft, Travels  in  the  Mississippi  Valley,  p.  129.  Catlin,  North  American  Indians, 
vol.  I,  p.  81 :  London,  1848.  In  the  town  of  Medford,  Mass.,  near  Mystic  Pond,  there 
was  a  *'Fort  built  by  their  deceased  King,  in  manner  thus:  There  were  pools  some 
thirtie  or  fortie  foote  long,  stucke  in  the  ground  as  thicke  as  thty  could  be  set  one 
by  another,  and  with  these  tliey  enclosed  a  ring  some  forty  or  fifty  foote  over.  A 
trench  breast  high  was  digged  on  each  side;  one  way  there  was  to  goe  into  it  with 
a  bridge;  in  the  midst  of  this  Pallizado  stood  the  frame  of  a  house  wherein  being 
dead  he  lay  buried.  A  myle  from  hence  we  came  to  such  another,"  etc. :  Mourt's  lie- 
lation,  p.  126 :  Boston,  1865. 
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aider  the  nature  of  the  position  to  be  defended,  and  bear  in  mind  the 
efifective  use  of  rifle  pits  in  modern  warfare,  it  may  well  be  doubted 
whether  the  inside  is  not,  under  certain  conditions,  the  proper  place 
for  it. 

In  the  material  of  which  they  were  made  these  embankments  varied 
but  little.  As  has  been  well  said  by  H.  H.  Bancroft,  •  "they  are  of 
earth,  stones,  or  a  mixture  of  the  two,  in  their  natural  condition,  thrown 
up  from  the  material  which  is  nearest  at  hand.  There  is  no  instance  of 
walls  built  of  stone  that  has  been  hewn  or  otherwise  artificially  pre- 
pared, of  the  use  of  mortar,  of  even  rough  stones  laid  with  regularity, 
of  adobes  or  earth  otherwise  prepared,  or  of  material  brought  from  any 
great  distance.  The  material  was  taken  from  a  ditch  that  often  accom- 
panies the  embankment,  from  excavations  or  pit8  in  the  immediate  vi- 
cinity, or  is  scraped  up  from  the  surface  of  the  surrounding  soil.  There 
is  nothing  in  the  present  appearance  of  these  works  to  indicate  any  dif- 
ference in  their  original  form  from  that  naturally  given  to  earth-works 
thrown  up  from  a  ditch,  wth  sides  as  nearly  perpendicular  as  the  nature 
of  the  material  will  permit.  Of  course  any  attempt  on  the  part  of  the 
buUders  to  give  a  symmetrical  superficial  contour  to  the  works  would 
have  been  long  since  obliterated  by  the  action  of  the  elements;  but 
nothing  now  remains  to  show  that  they  attached  any  importance  what- 
ever to  either  material  or  contour.  Stone  embankments  are  rarely 
found,  and  only  in  localities  where  the  abundance  of  that  material 
would  natuially  suggest  its  use.  In  a  few  instances  clay  has  been  ob- 
tained at  a  little  distance,  or  dug  from  beneath  the  surface." 

Turning  now  to  our  second  grand  division — the  mounds, — we  find 
them  comi)08ed  of  earth  and  stone,  and  varying  in  location,  size,  shape, 
and  contents.  Divided  according  to  their  form,  they  may  be  classed 
as — 

First.  "Temple"  or  truncated  mounds,  which  as  their  name  indi- 
cates are  truncated  cones,  usually  with  graded  ways  to  their  tops,  and 
in  some  instances  with  terraced  sides.  Their  bases  are  of  different 
forms,  being  indifferently  either  round,  oval,  square,  or  oblong;  but 
whatever  may  have  been  their  differences  in  these  respects,  they  were 
all  alike  in  having  flat  or  level  tops,  which  were  no  doubt  used  as  sites 
for  their  rude  temples,  or  the  cabins  of  their  chiefs.  In  size,  they 
varied  from  a  height  of  5  feet  to  90,  and  from  a  base  of  40  feet  in  diame- 
ter to  one  covering  an  area  of  12  acres.t  Like  the  embankments,  they 
are  simply  heaps  of  earth,  some  of  them,  it  is  true,  of  imineuvse  size, 
but  all  of  them  thrown  up  without  much  "care  in  the  choice  of  material, 
and  none  at  all  in  the  order  of  deposit." 

Second.  The  next  class  is  composed  of  the  "  animal  mounds,"  or 
mounds  in  which  the  ground  plan  is  more  or  less  irregular,  and  is 

"^  Xatire  Ilaccs  of  the  Pacific  States^  vol.  iv,  p.  753. 

t  ISeethe  accoiiut  of  the  Cahokia  Mouud  in  12tb  Annual  Report  of  the  Peahody  Mu- 
aeum. 
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thought  to  resemble  animals,  birds,  and  even  human  beings,  thougli  it 
is  admitted  that  this  resemblance  is  often  imaginary,  and  that  tliere  is 
no  evidence  that  the  buildersof  these  works  intended  to  copy  any  such 
forms.  Indeed,  Lapham,*  to  whom  we  are  indebti*d  for  the  most  satis- 
factory account  of  these  mounds  that  we  possess,  finds  it  necessary,  on 
more  than  one  occasion,  to  caution  his  readers  against  blindly  accept- 
ing these  resemblances,  and  frankly  says  that  in  some  cases  appella- 
tions, like  that  of  '*  Lizard  Mound,"  were  given  for  the  sake  of  con- 
venience, and  without  pretending  that  they  were  actually  intended  to 
represent  that  animal,  t  According  to  the  same  author,  as  summarized 
by  Bancroft,  these  mounds  vary  in  height  from  1  to  0  feet,  and  their 
dimensions  on  the  ground  are  quite  large.  Thus  "rude  effigies  of 
human  form  are  in  some  instances  over  100  feet  long;  quadrupeds  have 
bodies  and  tails  each  from  50  to  200  feet  long;  birds  have  wings  of  a 
hundred  feet;  lizard  mounds  are  200  and  even 400  feet  in  length;  straight 
and  curved  lines  of  embankments  reach  over  a  thousand  feet,  and  ser- 
pents are  equally  extensive."  Mounds  of  this  class  are  common  in 
Wisconsin,  and  are  also  found  in  Ohio  and  Georgia.  They  are  not 
burial  mounds,  though  they  are  not  un frequently  grouped  with  conical 
mounds  that  inclose  human  remains,  as  they  are  also  with  embank- 
ments and  inclosures, — the  groupingbeing  always  without  any  apparent 
order.  They  are  usually  constructed  of  earth,  stones  being  but  rarely 
used,  except  perhaps  in  Georgia,  where  the  two  bird-shaped  mounds 
described  by  Col.  C  C.  Jones  are  built  entirely  of  that  material.J 

Third.  The  third  and  last  class  of  mounds  consists  of  the  simple  c<»ni- 
cal  tumuli  that  are  scattered  about  over  this  whole  area  and  ai'c  far 
more  numerous  than  all  the  others  combined.  So  far  as  outward  ap- 
pearance is  concerned  they  are  generally  round  or  oval,  though  other 
forms  are  not  unfrequent.  They  vary  in  height  from  a  few  inches  to  70 
feet,§  and  in  diameter  from  3  or  4  feet  to  300.  It  is  probable  however 
that  a  height  of  from  3  to  30  feet  and  a  diameter  ranging  at  the 
base  from  15  to  50  feet  would  include  a  large  proportion  of  them. 
Although  so  alike  in  form,  these  mounds  differ  widely  in  location, 
and,  as  we  shall  see  later  on,  in  their  contents.  They  are  found  on  the 
tops  of  the  highest  hills  and  in  the  lowest  river  valleys;  they  stand 
alone  or  in  groups,  or  in  connection  with  hill-forts  or  fortified  villages, 
of  which  they  evidently  formed  component  parts.  In  the  material  of 
which  they  are  built,  as  well  as  in  the  manner  of  their  construction, 
they  do  not  differ  from  the  embankments  and  from  other  mounds.    A 


*  Antiquities  of  Wisconsin,  in  vol.  vii  of  the  Smithsonian  ContributioM  to  Know!- 
edffCf  pp.  14, 24, 130,  etc.  See  also  Anc,  Mon,  of  the  Mississippi  Valley,  p.  130,  in 
which  Mr.  Squier  speaks  of  a  mound  that  '/  may  have  heen  intended  to  represent  a 
bird,  a  bow  and  arrow,  or  the  human  figure." 

tZ.  c,  note  to  p.  9. 

X  Smithsonian  Report  for  1877,  p.  278. 

^  Anc,  Mon,  Miss.  Valley ^  pp.  5  and  168. 
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large  majority  of  them  are  simply  heaps  of  earth,  though  stone  monnds 
or  cairns  are  quite  common,  and  in  Florida  they  are  sometimes  com- 
posed almost  entirely  of  shells.  As  a  rule,  they  are  homogeneous  in 
structure,  though  occasionally  in  the  Ohio  Valley,  and  especially  along 
the  Scioto  River,  there  are  a  few  that  were  regularly  and  intentionally 
stratified. 

This  is  believed  to  be  a  fair  statement  of  all  that  is  known  of  the 
mounds,  considered  simply  as  mounds,  and  without  any  regard  to  their 
contents,  or  to  what  is  known  of  them  historically.  It  is  taken  almost 
literally  from  Bancroft,*  whom  I  have  chosen  to  follow,  for  the  reason 
that  his  summary  of  the  results  of  the  explorations  of  Squier,  Lapham, 
and  others  is  just  and  comprehensive,  and  because,  in  a  matter  of  this 
importance,  it  seemed  to  me  desirable  to  distrust  my  own  judgment  and 
to  accept  the  statement  of  one  who  can  not  be  accused  of  sharing  in  the 
conclusions  to  which  I  have  been  most  unexpectedly  driven. 

As  a  result  of  this  rapid  glance  at  the  story  of  these  remains,  when 
told  by  themselves,  it  will  be  seen  that  although  they  differ  widely  in 
form,  size,  and  the  evident  use  for  which  they  were  intended,  yet  they 
are,  primarily,  nothing  but  heaps  of  earth,  stones,  or  a  mixture  of  the 
two,  thrown  up  into  the  form  of  mounds  and  embankments.  A  child 
at  play  on  a  pile  of  sand  performs  on  a  small  scale,  and  for  his  amuse- 
ment, the  very  same  kind  of  labor  as  that  involved  in  their  erection  5 
and  the  beaver  and  the  white  ant,  in  building  their  dams  and  nests, 
show  a  degree  of  development — a  faculty  of  adapting  means  to  an 
end — but  little  if  any  inferior  to  that  displayed  by  the  mound-builder, 
when  judged  by  the  same  standard.  Indeed,  we  are  told  that  the  bea- 
ver dams  and  washes  of  Wisconsin  sometimes  bear  a  very  close  resem- 
blance to  the  so-called  serpent  mounds,  and  to  the  excavations  made 
by  the  Indians  in  search  of  lead  and  other  ores;!  whilst  as  a  matter 
of  fact,  the  ant  hills  of  Africa,  in  point  of  relative  size,t  and  in  the 
architectural  knowledge  and  engineering  skill  displayed  in  their  con- 
struction, are  quite  equal  to  any  earthwork  in  the  Ohio  Valley.  In 
saying  this,  it  must  not  be  supposed  that  there  is  any  intention  of  dis- 
paraging the  works  of  the  mound-builders.  Unquestionably  some  of 
them  are  of  great  size,  and  exhibit  an  immense  amount  of  patient  toil 
and  perseverence;  but  beyond  this  they  tell  us  little  or  nothing.  No- 
where, either  in  laying  them  out,  or  in  the  manner  in  which  the  dead 
were  sometimes  buried  in  them,  can  be  found  any  such  adherance  to 
the  principle  of  orientation  as  would  authorize  the  inference  that  the 
people  who  built  and  buried  in  them  had  advanced  beyond  the  merest 
rudiments  of  astronomical  knowledge;  and  as  for  the  mathematical 
skill  displayed  in  the  construction  of  their  squares  and  circles,  anyone 


*  Native  Races  of  the  Pucifio  StaUSf  vol.  iv,  chap.  xiii. 
fAntiqniiies  of  WisconstHy  I.  c,  note  to  p.  11. 

tSonie  of  the  hills  of  the  so-called  white  autH  of  Africa  are  25  feet  high,  and  hoQ- 
eycomhed  with  galleries. 

H.  Mis.  334,  pt.  1 36  ^  . 
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who  has  ever  aided  in  fencing  a  western  farm  knows  that  it  is  a  com- 
paratively simple  matter  to  "run"  a  straight  line,  especially  if  it  be  as 
broad  as  most  of  these  embankments;  and  that  consequently  squares 
as  large  and  with  angles  as  ^*  perfect"  as  any  of  those  in  the  Ohio  Val- 
ley, can  be  constructed  with  the  aid  of  three  straight  sticks  and  a  mod- 
erately good  eye.  The  circles  might  perhaps  give  a  little  more  trouble; 
but  even  they  are  not  beyond  the  compass  of  a  boy  with  a  string.  Mr. 
Squier  himself  admits  that  it  is  possible  to  construct  them  of  considerable 
size  without  the  aid  of  instruments,  though  one  over  a  mile  in  circumfer- 
ence would,  he  thinks,  offer  serious  obstacles.*  In  a  word,  the  labor 
involved  in  the  erection  of  these  works  was  purely  manual,  and  per- 
fectly homogeneous.  It  did  not  even  necessarily  imply  the  use  of  me- 
chanical aids  of  any  kind,  though  it  is  probable  that  the  rude  stone 
hoe  or  spade  and  a  basket — one  to  loosen  the  earth,  and  the  other  to 
transport  it — were  both  employed ;  and  these  (be  it  remembered)  were 
within  reach  of  every  Indian  family  east  of  the  Mississippi  and  south 
of  the  Great  Lakes. 

The  fact  then  as  to  the  character  of  this  labor  being  as  stated,  it 
would  seem  to  follow  that  a  people  who  could  have  erected  one  of 
these  works,  be  it  a  mound  or  an  embankment,  might  have  built  any 
and  all  of  them ;  and  of  course,  if  it  can  be  shown  that  the  red  Indian 
has,  within  the  historic  epoch,  thrown  up  mounds  5  or  10  feet  high, 
and  of  proportionate  size,  there  can  be  no  reason  why,  given  time,  of 
which  he  had  an  unlimited  supply,  or  an  increased  number  of  work- 
men, he  could  not  have  made  them  ten  times  as  large  had  he  been  so 
inclined.  To  deny  this  involves  the  necessity  of  showing  that  there 
existed,  in  mound-building,  some  point  beyond  which  the  efforts  of  the 
Indian  could  not  go — some  limit  to  the  number  of  baskets  full  of  earth 
he  might  bring — and  this  will  scarcely  be  undertaken  by  the  hardiest 
advocate  of  the  theory  of  the  two  civilizations.  Indeed,  it  is  only 
necessary  to  put  the  matter  in  this  broad  light,  to  ask  where  it  is  pro- 
posed to  run  this  line  of  demarcation,  and  how  it  was  found,  in  order 
to  show  the  absurdity  of  any  attempt  to  set  up  a  standard  that  will 
enable  us  to  say,  definitely,  whether  any  given  earthwork  was  built 
by  the  recent  Indians  or  by  the  so-called  mound-builders. 

With  this  fact  clearly  understood,  we  are  now  ready  to  take  up  the 
evidence  that  points  to  the  red  Indian  of  modern  times  as  the  builder 
of  these  works;  and  by  way  of  beginning,  let  us  look  into  the  tnith  of 
the  oft-repeated  statement  that  he  had  no  tradition  as  to  their  origin, 
and  the  purposes  for  wliich  they  were  erected.  So  far  as  my  imme- 
diate argument  is  concerned,  this  is  to  some  extent  a  work  of  superero- 
gation.   Tradition  is  at  best  but  an  unsafe  guide,  and  even  if  it  were 

*Anc.  Mon.,  p.  61.  Bearing  npoii  this  i»r>int  is  the  Htatement  of  Miss  A.  C.  Fletcher, 
that  the  OgalaUa  Sioux,  when  marking  out  the  grouud  for  the  sun  dance,  raise  up  a 
pole  in  the  center,  aiul  then,  with  a  rawhi<le  cord  as  a  radius,  draw  a  circle  of  the 
required  size,  say  from  200  to  300  feet  in  diameter. 
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not,  the  fact  that  the  ludiaus  could  not  give  any  account  of  these 
structures  would  carry  but  little  if  any  weight,  for  the  reason  that  it 
is  negative  evidence  pure  and  simple,  and  as  such  must  give  way  to 
the  well-authenticated  instances  of  mound-building  among  the  Natchez 
and  other  historic  tribes.  Ui>on  this  i>oint  there  can  be  no  difference 
of  opinion,  and  though  it  clearly  shows  the  worthlessn^jss  of  tradition 
as  the  basis  for  an  argument  in  the  present  discussion,  yet  the  state- 
ment as  to  the  absence  of  all  accounts  of  the  origin  of  these  works  is 
so  often  repeated,  and  with  such  seeming  confidence,  that  the  investi- 
gation would  be  incomplete  without  some  inquiry  into  its  truth.  Espe- 
cially is  this  so  in  view  of  the  fact  that  like  all  wholesale  generalizations 
it  has  a  certain  foundation  in  truth,  though  this  is  believed  to  be  en- 
tirely too  slight  to  justify  us  in  accepting  the  statement  in  the  shape 
in  which  it  has  come  down  to  us.  That  certain  Indians — the  number 
is  immaterial — were  without  any  tradition  upon  the  subject  of  these 
mounds  is  extremely  probable;  and  if  the  early  writers  had  confined 
themselves  to  a  statement  of  this  fact,  there  would  have  been  no  ques- 
tion as  to  its  acceptance.  But  when  generalizing  (as  was  too  often 
their  wont)  from  the  few  instances  that  came  under  their  observation, 
they  tell  us  that  "  the  Indians  "  or  that  *'  certain  tribes  -'  were  equally 
ignorant,  then  it  is  time  to  call  a  halt,  and  inquire  into  the  validity  of 
the  evidence  upon  which  the  statement  rests.  To  do  this  thoroughly 
involves  no  little  labor.  Trustworthy  authorities  must  be  examined — 
the  more  the  better, — and  if  they  fail  to  bear  out  the  general  conclu- 
sion, as  will  almost  always  be  found  to  be  the  case,  there  is  no 
alternative  but  to  so  modify  this  conclusion  as  to  bring  it  in  accord 
with  the  newly-discovered  evidence.  As  an  instfvnce  of  the  good  re- 
sults that  sometimes  follow  this  method  of  interpreting  the  old  chron- 
iclers, take  the  assertion  of  the  ycmnger  Bartram  that  "the  Cherokees 
are  as  ignorant  as  we  are,  by  what  people  or  for  what  purpose  these 
artificial  hills  were  raised."*  lie  is  si)eakiMg  of  the  mound  upon  which 
stood  the  council  house  in  their  town  of  Cowe,t  and  it  is  of  course  very 
probable  that  the  Indians  of  whom  he  made  the  inquiry  did  not  know 
who  built  this  particular  mound;  at  least  there  can  he  no  doubt  tliat 
they  told  him  so,  and  that  he  believed  them. 

!Now  Bartram's  visit  to  the  Cherokees  was  a  hurried  one;  he  saw 
but  few  of  their  towns,  and  could  not  i)ossibly  have  conversed  with  but 
a  small  portion  of  their  i)eople,  and  yet  his  statement  is  couched  in  the 


*  Bartram's  Traveh,  p.  367:  Philadelphia,  1791.  He  adds:  *'  But  they  have  a  tra- 
dition common  with  the  other  nations  of  Indians,  that  they  found  them  in  much  the 
same  condition  aa  they  now  appear,  when  their  forefathers  arrived  from  the  West 
and  possessed  themselves  of  the  country  after  vanqjiishing  the  nations  of  red  men 
who  then  inhahited  it,  who  themselves  found  these  mounds  when  they  took  posses- 
sion of  the  country,  the  former  possessors  delivering  the  sdme  story  concerning 
them." 

tThis  distinction  must  be  kept  in  mind,  as  /.  c,  p.  34S,  he  speaks  of  ''vast  heaps 
of  stones"  that  were  '•  Indian  graves,  undoubtedly." 
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broadest  terms  possible,  and  includes  all  the  members  of  the  tribe  of 
every  age,  size,  sex,  and  condition.  Obviously  his  assertion  is  not 
warranted  by  the  facts,  nor  is  it  borne  out  by  the  testimony  of  concur- 
rent writers.  So  far  from  being  without  any  tradition  on  this  subject^ 
this  people  can  be  shown  to  have  had  several,  or  at  all  events  they  so 
reported.  Thus,  about  the  year  1782,  Oconostoto,  who  had  been  for 
sixty  years  one  of  their  chiefs,  being  asked  by  Governor  Sevier,*  of 
Tennessee,  who  built  the  earth-works  in  their  country,  and  particu- 
larly "  the  remarkable  fortification,"  as  it  is  called,  on  the  Iliawassee 
Eiver,  answered  that  "  it  was  handed  down  by  their  forefathers,  that 
these  works  were  made  by  the  white  people  who  \\2^\  formerly  inhabiteil 
the  country."  Gen.  Geo.  Kogers  Clark,f  who  probably  knew  as  much 
of  Indian  character  as  any  one  who  has  ever  written  on  the  subject, 
says  positively  that  there  was  a  tradition  among  the  Cherokees  to  the 
effect  that  the  works  in  their  country  were  built  by  their  ancestors; 
and  this  statement  is  borne  out  by  the  chroniclers  of  De  Soto's  expedi- 
tion, J  as  well  as  by  the  testimony  of  Adair,  §  who  seems  to  have  had  no 
doubt  by  whom  these  mounds  were  built,  or  for  what  puriK)8e,  though 
he  admits  that  some  of  them  were  beyond  the  reach  of  tradition. 

Here  then  in  this  one  tribe,  we  have  several  accounts  of  tbese 
works.  They  can  not  all  be  true,  and  it  is  possible  that  neither  one 
of  tliem  may  be;  and  yet  either  one  of  them  is  a  sufficient  answer  to 


*See  letter  of  Gov.  Sevier  in  Stoddard's  Sketches  of  Louisiana,  p.  483:  Phila- 
delphia, 1812.  Being  questioned  as  to  who  these  wliite  people  were,  tlie  old  chief 
replied :  "That  he  had  heard  his  grandfather  and  other  old  people  say  that  they  were 
a  x>eople  called  the  Welsh,"  etc.  For  a  summary  of  what  has  been  written  aboot  a 
Welsh  Nation  in  America,  consult  chapter  xvii  of  the  above  work,  and  also  Priest's 
American  Jntiquities,  pp.  229  et  seq.:  Albany,  1838;  and  Burder's  Welch  Colony,  a 
pamphlet  published  in  London  in  1797. 

t"  I  think  the  world  is  to  blame  to  express  such  great  anxiety  to  know  who  it  was 
that  built  these  numerous  and  formidable  works,  and  what  hath  become  of  that  peo- 
ple. They  will  find  them  in  the  Kaskaskias,  Peorias,  Kahokias  (now  extinct), 
Piankeshaws,  Chiokasaws,  Cherokees,  and  such  old  nations,  who  say  they  grew  out 
of  the  ground  where  they  now  live,  and  that  they  were  formerly  as  numerous  as  the 
trees  in  the  woods;  but  affronting  the  Great  Spirit,  he  made  war  among  the  nations, 
and  they  destroyed  each  other.  This  is  their  tradition,  and  I  can  see  no  good  reason 
why  it  should  not  be  received  as  good  history — at  least  as  good  as  a  great  part  of 
ours:"  MSS.  of  Gen.  Geo.  R.  Clark,  in  vol.  iv,  .Schoolcraft,  Indian  Tribes  of  the 
United  States,  p.  136. 

t  In  the  Tenth  Annual  Jieport  of  the  Peahody  Museum  at  Cambridge,  pp.  75  et  seq.^  I 
have  given  some  of  the  reasons  for  believing  that  the  Cherokees  built  mounds  and 
earth-works. 

$  '*  We  frequently  meet  with  great  mounds  of  earth,  either  of  a  circular  or  oblong 
form,  having  a  strong  breastwork  at  a  distance  around  them,  made  of  the  clay  which 
had  been  dug  up  in  forming  thtj  ditch  on  the  inner  side  of  the  inclosed  ground,  and 
these  were  their  forts  of  security  agaiust  an  enemy.  Three  or  four  of  them  are,  in 
some  places,  raised  st)  near  t^  each  other  as  evidently  for  the  garrison  t-o  take  any 
enemy  that  passed  between  them.  They  were  mostly  built  in  low  lauds;  and  some 
are  overspread  with  large  trees,  beyond  the  reach  of  Indian  tradition:"  History  of 
the  American  IndianSy  p.  377 :  London,  1775. 
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the  statement  that  the  Indiaius  had  no  tnvditioii  as  to  the  origin  of 
these  structures,  or  the  purpose  for  which  they  were  built.  Nor  must 
it  be  supposed  that  the  Cherokees  were  alone  in  this  respect;  neither 
were  these  stories  confined  to  any  one  stock  or  family  of  tribes.  They 
are  found  on  both  sides  of  the  Ohio,  and  were  as  current  (and  for  that 
matter  as  varied  and  often  quite  as  contradictory)  among  nations  of 
the  Huron  and  Algonquin  families  as  they  were  among  the  Cherokees. 
In  fact,  it  is  believed  to  be  the  exception  to  find  a  single  prominent 
tribe  living  within  the  region  of  the  mounds  in  which  some  tradition 
on  the  subject  of  their  origin  was  not  more  or  less  common.  Whether 
these  traditions  were  true  or  false,  or  whether  the  event  that  was  pur- 
ported to  be  handed  down  was  fact  or  fable,  are  points  which  it  is  not 
necessary  to  discuss.  All  that  I  am  called  upon  to  show  is,  that  the 
Indians  had  traditions,  no  matter  what  their  character,  upon  this  sub- 
ject; and  in  doing  this,  I  shall  limit  myself  to  a  representative  tribe 
from  each  family,  and  by  way  of  making  the  tradition  as  definite  as 
possible,  will  pick  out  typical  works  or  groups,  situated  in  different 
portions  of  the  country,  so  that  there  can  be  no  doubt  as  to  the  par- 
ticular tribe,  or  the  precise  kind  of  eartliwork  that  is  meant. 

First  of  all,  let  us  take  up  the  mounds  and  inclosures  of  western  New 
York,  and  see  what  the  Iroquois  had  to  say  as  to  their  origin.  Accord- 
ing to  one  account,  the  country  "about  the  lakes  was  thickly  inhabited 
by  a  race  of  civil,  enterprising,  and  industrious  people,  who  were  totally 
destroyed,  and  whose  improvements  were  taken  possession  of  by  the 
Senecas."*  The  Rev.  Mr.  Kirkland,  while  on  a  missionary  tour  to 
this  tribe,  A.  d.  1788,  visited  several  of  these  **old  forts,''  one  of  which, 
situated  in  Genesee  County,  near  Batavia  (Squier),  and  known  to  the 
Indians  as  the  ^'  double-fortified  town,  or  a  town  with  a  fort  at  each  end," 
is  thus  described:  The  first  of  these  forts  '< contained  about  4  acres  of 
ground.  The  other,  distant  from  this  about  2  miles,  and  situated  at  the 
other  extremity  of  the  ancient  town,  inclosed  twice  that  quantity  of 
ground.  The  ditch  around  the  former  was  about  5  or  6  feet  deep.  A 
small  stream  of  water  and  a  high  bank  circumscribed  nearly  one-third 
of  the  inclosed  ground.  There  were  the  traces  of  six  gates  or  avenues 
round  the  ditch,  and  near  the  center  a  way  was  dug  to  the  water. 
-  -  -  A  considerable  number  of  large  thrifty  oaks  had  grown  up 
\vithin  the  inclosed  ground,  both  in  and  upon  the  ditch;  some  of  them 
appear  to  be  at  least  two  hundred  years  old  or  more.  -  -  -  Near  the 
northern  fortification,  which  was  situated  on  high  ground,  he  found  the 
remains  of  a  funeral  pile.  -  -  -  The  earth  was  raised  about  6  feet 
above  the  common  surface,  and  betwixt  20  and  30  feet  diameter.  The 
bones  appeared  on  the  whole  surface  of  the  raised  earth,  and  stuck  out  in 
many  places  on  the  sides."  t     According  to  the  same  author,  Indian 


•  Yateo  and  Moulton,  History  of  Hew  Yorky  vol.  i.  p.  40;  New  York,  1824. 
tMSS.  of  Rev.  Mr.  Kirklaiid,  in  Moulton's  New  Yorky  vol.  i,  p.  16. 
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tradition  says  "tbese  works  were  raised,  and  this  battle  was  fought 
betwixt  the  Senecas  and  Western  Indians.  -  -  -  In  this  great  battle 
the  Senecas  affirmed  that  their  ancestors  won  the  victory.  Some  say 
their  ancestors  had  told  them  there  were  800  of  their  enemies  slain ;  others 
include  the  killed  on  both  sides  in  that  number.  Be  this  as  it  may,  all 
their  historians  agree  that  the  battle  was  fought  where  this  heap  of 
slain  are  buried,  before  the  arrival  of  the  Europeans,  some  say  three, 
some  four,  others  five  lives  or  ages,  reckoning  a  life  or  age  one  hundred 
winters  or  colds.^*  Another  tradition  represents  that  these  works  were 
erected  by  the  ancestors  of  the  Iroquois  in  their  wars  with  other  tribes  t 
and  with  the  French.}:  Assuming  that  these  two  traditions  refer  to  dif- 
ferent periods  in  the  national  life  of  the  Six  Nations,  they  do  not  conflict 
In  fact,  they  fit  in  together  very  closely,  and  as  Mr.  Squier  has  shown 
that  these  remains  are  but  the  abandoned  village  sites  of  the  recent 
Indians,§  they  may  be  said  to  be  sustained  by  the  traditions  of  the 
Iroquois  as  to  their  expulsion  from  the  region  near  Montreal,  and  their 
seizure  and  occupation  of  central  and  western  New  YoTk.|| 
Proceeding  towards  the  southwest,  we  come  next  to  the  Ohio  system 


*  MS8.  of  Rev.  Mr.  Kirklnnd,  1.  c,  p.  39.  It  will  be  seen  that  this  account  leaves 
it  uncertain  whether  those  works  wore  erected  hy  the  Senecas  or  the  Western  Indians. 
So  far  as  my  purpose  is  concerned,  it  is  immaterial  which  of  these  tribes  built  them. 
The  following  extract  from  Governor  I)e  Witt  Clinton  will,  however,  clear  up  the  diffi- 
culty:  "Some  of  the  Senecas  told  Mr.  Kirkland,  the  missionary,  that  those  in  their 
territory  were  raised  by  their  ancestors  in  their  wars  with  the  Western  Indians." 
Coll.  N.  Y,  Hist.  Soc.f  vol.  ii,  i).  92.  Compare  Cusick's  History  of  the  IroqnoU,  part 
11,  published  in  Schoolcraft's  Indian  THheSy  vol.  v,  pp.  632  et  seq. 

t  Notes  on  the  Iroquois,  p.  442. 

I  Farmers  Brother  told  Dr.  King  that  the  mounds  were  thrown  np  against  the  in- 
cursions of  the  French.  This  was  about  1810,  at  which  time  he  was  94  years  old: 
Drake's  Indians  of  North  America,  fifteenth  edition,  p.  604.  There  is  another  tra- 
dition given  by  Governor  De  Witt  Clinton  in  the  CoZ/fc/iows  of  the  JV.  ¥.  Hist.,  Soc.y  vol. 
II,  p.  92,  to  the  effect  that  "these  works  were  thrown  up  by  an  army  of  Spaniards/' 
etc.  I  do  not  think  it  necessary  to  give  it  in  the  text,  as  it  is  probable  that  the 
tradition  is  as  false  as  the  event  to  which  it  relates  is  improbable.  However,  it 
may  be  well  to  add  that  Hrant,  the  famous  Mohawk  chief,  in  vol.  ii,  p.  484,  of  his 
life,  speaks  of  a  tradition  that  **  prevailed  among  the  different  nations  of  Indians 
throughout  that  whole  extensive  range  of  country,  and  had  been  handed  down  time 
immemorial,  that  in  an  age  long  gone  by  there  came  white  men  from  a  foreign 
country,  and,  by  consent  of  the  Indians,  established  trading  houses  and  settlements 
where  these  tumuli  are  found.  A  friendly  intercourse  was  continued  for  several 
years;  many  of  the  white  men  brought  their  wives  and  had  children  born  to  them 
-  -  -  These  circumstances  at  length  gave  rise  to  jealousies/'  and  the  colony  was 
ultimately  destroyed.  Brant  expressed  no  opinion  as  to  the  truth  of  the  tale,  but 
added :  "that  from  the  vessels  and  tools  which  had  been  dug  up  in  those  mounds,  or 
found  in  their  vicinity,  it  was  evident  that  the  people  who  had  used  them  were 
French. 

^Aboriginal  Monuments  of  New  York,  in  Smithsonian  Contributions  to  Knowledge, 
vol.  II,  chap.  vi. 

II  Morgan,  Le^ffua  of  the  Iroquois,  p.  5.  Bartram  (John)  Observations,  etc.,  p.  23; 
London,  1751.  Coldeu,  Five  Nations,  p.  23.  De  Witt  Clinton,  /.  c,  p.  92.  Itelation 
en  V  annee  1660,  p.  6. 
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of  works,  and  here  again  we  have  several  traditions  as  to  their  origin. 
One  of  these,  handed  down  among  the  Lenni  Lenape — an  Algonquin 
tribe — is  to  the  effect  that  when  they  had  reached  the  Mississippi  in 
their  migration  eastward,  they  found  the  country  east  of  that  river  in- 
habited by  a  powerful  nation,  called  the  Allegewi,  who  had  many  large 
towns  built  on  the  great  rivers  flowing  through  their  land.  At  first 
they  gave  the  Lenni  Lenape,  or  Delawares,  as  we  call  them,  leave  to 
pass  through  their  country,  and  seek  a  settlement  farther  to  the  east; 
but  for  some  reason  they  attacked  them  whilst  crossing  the  river,  and 
inflicted  great  loss  upon  them.  The  Lenni  Lenajie  then  formed  an  alli- 
ance with  the  Mengwe  or  Iroquois,  who  were  also  on  their  way  to  the 
east  in  search  of  a  home,  and  together  they  made  war  upon  the  Alle- 
gewi, stormed  their  towns  and  fortifications,  and  finally  expelled  them 
from  the  country.  Heckewelder,*  to  whom  we  are  indebted  for  the  story, 
says  that  he  had  seen  many  of  their  fortifications,  one  of  which,  situ- 
ated on  the  Huron  River,  east  of  the  Sandusky,  about  6or  8  miles  from 
Lake  Erie,  he  describes  as  consisting  of  "walls  or  banks  of  earth  reg- 
ularly thrown  up,  with  a  deep  ditch  on  the  outside.  -  -  -  Outside 
of  the  gateway  were  a  number  of  large  flat  mounds,  in  which,  the  Indian 
pilot  said,  were  buried  hundreds  of  the  slain  Allegewi.^  In  another 
account!  we  are  told  that  it  was  a  tradition  of  the  Kaskaskias,  Pianke- 
shaws,  and  other  tribes,  that  these  "fortified  towns,"  "entrenched  en- 
campments," or  "garrisoned  forts,  many  of  them  with  towers  of  earth 
of  considerable  height  to  defend  the  walls  with  arrows  and  other  missile 
weapons,  -  -  -  were  the  works  of  their  forefathers,"  who  were  as 
numerous  as  the  trees  in  the  wood ;  but  that,  having  affronted  the  Great 
Spirit,  he  made  them  kill  one  another. 

Speaking  of  the  collection  of  mounds  in  the  river  bottom  opposite  St. 
Louis,  just  below  the  old  French  village  of  Cahokia,  one  of  the  largest 
mound  centers  in  the  United  States,  Baptist  Ducoign,  a  Kaskaskia 
chief,  told  Gen.  Geo.  Eogers  Clark  that  it  was  "  the  palaace  of  his  fore- 
fathers, when  they  covered  the  whole  (country)  and  had  large  towns; 
that  all  those  works  we  saw  there  were  the  fortifications  round  the 
town,  which  must  have  been  very  considerable;  that  the  smaller  works 
we  (saw)  so  far  within  the  larger,  comprehended  the  real  palaace;  that 
the  little  mountain  we  there  saw  flung  up  with  a  basin  on  top,  was  a 


*  Historical  account  of  the  Indian  Nations,  pp,  29  et  seq.:  PhUadelphia,  1819.  Se6 
also  that  curious  mixture  of  fact  and  fable,  Cusick's  History  of  the  Six  Nations,  John 
Norton,  a  Mohawk  chief  (in  vol.  n  of  Life  of  Joseph  Brant,  note  onp.  486:  Albany, 
1865),  says,  '^ There  was  a  tnwlition  in  his  tribe  that  they  were  constructed  by  a 
people  who,  in  ancient  times,  occupied  a  great  exteut  of  country,  but  who  had  been 
extirpated;  that  there  had  been  long  and  bloody  wars  between  this  people  and  the 
Five  Nations,  in  which  the  latter  had  been  finally  victorious." 

tMSS.  of  Geu.  George  Rogers  Clark  in  vol.  iv  of  Schoolcraft,  Indian  Tribe^y  pp.  134 
and  135.  See  also  Notes  on  the  Iroquois,  p.  162,  and  Brackenridge,  Views  of  Louisiana, 
p.  185:  Pittsburg,  1814. 
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tower  that  contained  part  of  the  guard  belonging  to  the  prince,  a»  from 
the  top  of  that  height  they  could  defend  the  King's  house  with  their 
arrows,"  etc.* 

If  now  we  cross  the  Ohio,  and  inquire  of  the  Creeks  or  Muscogees 
as  to  the  origin  of  the  works  that  are  scattered  throughout  their  coun- 
try, we  shall  find  that  they  too  ascribed  them  to  their  ancestors, 
though  they  differed  as  to  the  purposes  for  which  some  of  them  were 
erected.  According  to  one  a<icount  a  certain  class  of  "  conic  mounds  of 
earth"  were  thrown  up  as  places  of  refuge  against  high  water;  whilst 
a  more  probable  tradition  speaks  of  them  as  tombs  of  the  dead,  or  parts 
of  "an  ancient  Indian  town,"t  possibly  the  sites  of  the  cabins  of  their 
chiefs  and  of  their  council-houses  or  temples.  In  1847,  Sekopechi,{ 
one  of  the  oldest  Creeks  then  living,  speaking  of  the  former  condition 
of  his  tribe,  said  that  they  erected  breast- works  of  a  circular  shape  for 
the  protection  of  their  families,  and  that  the  mounds  had  no  existence 
previous  to  their  arrival.  Adair  §  tells  us  that  "they  had  a  special 
name  for  their  old  round  earthern  forts;"  and  Bartram,||  speaking  of 
"the  artificial  mounds  or  terraces,  squares  and  banks  encircling  consid- 
erable areas" — the  monuments  or  traces  of  an  ancient  town  that  once 
stood  on  the  east  bank  of  the  Ocmulgee,  near  the  old  trading  road, 
adds :  "If  we  are  to  give  credit  to  the  accounts  the  Creeks  give  of  them- 
selves, this  place  is  remarkable  for  being  the  first  town  or  settlement 

*MSS.  of  Gen.  Clark,  I.  c,  p.  135.  Ho  adds:  **I  had  somewhere  seen  some  ancient 
account  of  the  town  of  Kaskaskia,  formerly  containing  10,000  persons.  There  is  not 
one  of  that  nation  at  present  known  by  that  name.  -  -  -  I  one  day  set  out  to  see 
whether  we  could  discover  signs  of  such  a  population.  We  easily  and  evidently 
traced  the  town  for  upwards  of  5  miles  in  the  beautiful  plain  below  the  present 
town  of  Kahokia.  There  could  be  no  deception  here,  because  the  remains  of  ancient 
works  were  thick — the  whole  were  mounds,  etc.  -  -  -  Fronting  nearly  the  center 
of  this  town,  on  the  heights,  is  a  pinnacle  called  the  Sugar  (Loaf),  from  its  figure. 
-  -  -  1  at  once  saw  that  it  was  a  hill,  shaped  by  a  small  brook  breaking  through 
the  (larger)  hill  till  it  ha4  formed  a  very  narrow  ridge.  This  had  been  cut  across, 
and  the  point  shaped  in  the  form  of  a  sugar  loaf,  perhaps  to  place  an  idol  or  a  temple 
on,  as  it  could  not  be  more  conspicuous.  It  is  of  a  very  considerable  height,  and  yon 
are  obliged  to  wind  round  it  to  ascend  on  horseback." 

t Hawkins,  Sketch  of  Creek  Country,  p.  38.  Schoolcraft  (vol.  IV,  p.  127),  quoting 
a  MSS.  copy  of  the  *^  Sketch,"  says :  '*  They  were  also  designed  to  entomb  the  remains 
of  their  distinguished  dead."  Bartram  (Travehy  p.  522)  says  that  the  Indiaaa  have 
a  tradition  that  the  vast  four-square  terraces,  chunk  yards,  etc.,  at  Apalachucla,  old 
town,  were  "the  ruins  of  an  ancient  Indian  town  and  fortress." 

t  Schoolcraft,  Indian  Tribes,  i,  p.  267. 

$  ffistoi^y  of  North  American  Indians^  p.  67. 

II  **  On  the  east  banks  of  the  Ocmulgee  this  trading  road  runs  nearly  2  miles  through 
ancient  Indian  fields,  which  are  called  the  Ocmulgee  fields;  they  are  the  rich  low 
lands  of  the  river.  On  the  heights  of  these  low  grounds  are  yet  visible  monuments 
or  traces  of  an  ancient  town,  such  as  artificial  mounts  or  terraces,  squares,  and 
banks,  encircling  considerable  areas.  Their  old  fields  and  planting  land  extend  up 
and  down  the  river,  15  or  20  miles  f^om  this  site."  Travels  through  Florida,  p.  54 : 
PhUadelphia,  1791. 
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where  they  sat  down  (as  they  term  it)  or  established  themselves  after 
their  emigration  from  the  West,  beyond  the  Mississippi,  their  original 
native  country.  On  this  long  journey  they  suft'ered  great  and  innu- 
merable difficulties,  encountering  and  vanquishing  numerous  and  val- 
iant tribes  of  Indians,  who  opposed  and  retarded  their  march.  Having 
crossed  the  river,  still  pushing  eastward,  they  were  obliged  to  make  a 
stand  and  fortify  themselves  in  this  place  as  their  only  remaining  hope, 
being  to  the  last  degree  persecuted  and  weakened  by  their  surrounding 
foes.  Having  formed  for  themselves  this  retreat,  and  driven  off  the  in- 
habitants by  degrees,  they  recovered  their  spirits,  and  again  faced  their 
enemies,  when  they  came  off  victorious  in  a  memorable  and  decisive 
battle.  They  afterwards  gradually  subdued  their  surrounding  enemies, 
strengthening  themselves  by  taking  into  confederacy  the  vanquished 
tribes."*  These  are  a  few  of  the  traditions  that  have  come  down  to  us 
iis  to  the  origin  of  these  works,  and  although,  when  considered  by 
themselves,  they  are  not  perhaps  of  much  liistorical  importance,  yet, 
inasmuch  as  the  question  is  not  as  to  their  truth,  but  as  to  their  exist- 
ence, they  answer  my  purpose  as  well  as  if  each  one  of  them  were 
founded  on  fact,  and  had  been  handed  down  from  generation  to  gener- 
ation without  a  break  or  a  blemish. 

In  regard  to  the  credibility  of  these  different  accounts,  a  few  words 
may  not  be  out  of  place.  As  has  been  said  before,  they  can  not  all  be 
true,  though  there  is  no  reason  why  some  of  them  may  not  rest  upon  a 
basis  of  fact.  Take  for  instance  the  tradition,  found  in  some  shape 
among  almost  all  tribes,  that  these  works  were  built  by  their  ancestors, 
and  test  it  as  we  may,  it  will  be  seen  that  so  far  from  being  impossible,  it 
is  rendered  more  than  probable  by  the  fact  that  some  of  the  most  elabor- 
ate of  these  remains  can  be  shown  to  have  been  erected  since  the  arrival 
of  the  whites.  The  evidence  of  this  is  furnished  by  the  mounds  them- 
selves, or  rather  by  their  contents,  and  consists  of  articles  of  liluropean 
manufacture  that  were  buried  with  the  body  over  which  the  mound  was 
originally  erected.  As  an  instance  of  this,  take  the  series  of  works  at 
Circleville,  Ohio,  to  which  a  reference  has  been  made  on  a  preceding 
page.t    It  is  composed  of  a  circle,  square,  and  mounds,  all  of  which  are 


*  And  yet,  on  p.  520,  he  tells  us  that  the  regiou  between  tho  Savanna  and  Ocmulgee 
rivers  "was  last  possessed  by  the  Cherokees,  since  the  arrival  of  the  Europeans,  but 
they  were  afterwards  dispossei^Hed  by  the  Museogulges;  and  all  that  country  was, 
probably,  many  ages  preceding  the  Cherokee  invasion,  inhabited  by  one  nation  or 
confederacy,  who  were  ruled  by  the  same  system  of  laws,  customs,  and  language;  but 
so  ancient  that  the  Cherokecs,  Creeks,  or  the  nation  they  conquered,  could  render  no 
account  for  what  purpose  these  inoniiments  were  raised."  On  p.  456  the  same  state- 
ment is  made  in  regard  to  a  post  or  column  of  pine,  40  feet  high,  that  stood  in  the 
town  of  Autassee,  "on  a  low,  circular,  artificial  hill,"  and  as  this  i>ole  could  not  have 
been  standing  for  very  many  generations,  it  is  evident  that  the  Indian's  account  of 
what  his  ancestors  did  or  did  not  know  must  be  taken  with  a  great  deal  of  allowance. 

t  See  ante,  foot-note  t  on  page  557. 
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SO  joined  tx)^ether  that  they  must  have  formed  parts  of  one  connected 
whole.  Near  the  center  of  the  circle  or,  as  it  is  called,  *^  the  round 
fort,'^  which  as  we  have  seen,  had  once  been  inclosed  by  palisades,  was 
a  tumulus  of  earth  al>out  10  feet  in  height  and  several  rods  in  diameter 
at  its  base.  On  its  eastern  side  and  extending  Q  rods  from  ir^  was  a 
semicircular  pavement  composed  of  pebbles,  su(;h  as  are  now  formed 
in  the  bed  of  the  Scioto  River,  from  whence  they  api)ear  to  have  been 
brought.  The  summit  of  this  tumulus  was  level,  nearly  30  feet  in 
diameter,  and  there  was  a  raised  way  to  it  leading  from  the  east,  like  a 
modern  turnpike.*  The  earth  composing  this  mound  was  entirely 
removed  in  the  presence  of  Mr.  Atwater,  and  there  were  found  lying 
on  the  original  surface  of  the  ground,  and  abcmt  20  ieet  apart,  the 
remains  of  two  human  skeletons  that  had  evidently  been  burned.  With 
one  of  these  skeletons  there  was  ^Hhe  handle  either  of  a  small  sword  or 
a  large  knife,  made  of  an  elk's  horn ;  around  the  end  where  the  blade 
had  been  inserted  was  a  ferrule  of  silver  which,  though  black,  was  not 
much  injured  by  time.  Though  the  handle  showed  the  hole  where  the 
blade  had  been  inserted  yet  no  iron  was  found,  but  an  oxide  remained 
of  similar  shape  and  size."  With  the  other  skeleton  *'  there  was  a  large 
mirrour  about  3  feet  in  length,  1  ^  feet  in  breadth^  and  1 J  inches  in  thick- 
ness. This  mirrour  was  of  isinglass  {mica  membranaeea),  and  on  it  (was) 
a  plate  of  iron,  which  had  become  an  oxide;  but  before  it  was  disturbed 
by  the  spade  resembled  a  plate  of  cast  iron.'^ 

A  quantity  of  arrow-heads  and  spear-points  were  found  with  one  of 
the  skeletons;  but  of  these  it  is  unnecessary  to  speak,  as  they  proba- 
bly did  not  diflfer  from  those  that  lie  scattered  about  everywhere  in  the 
Ohio  Valley,  and  they  can  not  therefore  (except  indirectly)  throw  any 
light  upon  the  origin  of  these  works.  Not  so  however  with  the  arti- 
cles of  iron  and  silver.  These  do  tell  a  story;  and  whilst  they  do  not 
indicate  the  precise  period  of  time  when  this  mound  was  erected,  yet 
they  enable  us  to  say,  with  some  degree  of  certainty,  that  it  must  have 
been  subsequent  to  the  arrival  of  the  whites,  for  the  reason  that  the 
nations  that  held  the  Mississippi  Valley  previous  to  that  event,  whether 
Mound-builder  or  recent  Indian,  may  in  a  general  way  be  said  to  have 
been  unacquainted  with  any  metal  except  native  copper;  and  this  they 
simply  hammered  into  shape,  or  possibly  "having  melted  it,"  they 
"spread  it  into  sheets,"  as  Champlain  (Voyages,  vol.  ii,  p.  236:  Boston, 
1878)  tells  us  they  sometimes  did,  before  submitting  it  to  the  process 
of  malleation.  Of  the  manufacture  of  iron  they  appear  to  have  been 
ignorant;  and  though  the  recent  Indians  were  unquestionably  ac- 
quainted with  silver,  be^t  it  into  ornaments,   and  in  all  probability 


* ArchfTologia  Americana  vol,  i,  pp.  177,  et  acq.  See  also  Sqiiier,  Jbor,  Mon,  of 
New  York,  p.  107;  Stone,  Life  of  liranty  vol.  ii,  p.  485,  and  Schoolcraft,  Lead  Mine» 
of  Mi88ourif  p.  274,  for  notices  of  other  monnds  that  have  been  huilt  in  the  State  of 
Ohio  within  comparatively  recent  times. 
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sometimes  overlaid  copper  with  it,*  yet  the  evidence  of  its  use  is  rela- 
tively 80  slight  as  scarcely  to  merit  recognition.  Upon  these  points  all 
archaeologists  are  agreed;  and  when  therefore  we  are  told,  upon 
authority  that  has  never  be^n  questioned,  that  implements  of  iron  and 
silver  were  found  with  the  chaiTed  bones  of  a  person,  over  whose  re- 
mains a  most  elaborate  mound  had  been  erected,  it  is  proof  positive  of 
the  recent  origin  of  this  particuhir  mound,  and  inferentially  of  the 
group  of  works  of  which  it  formed  a  component  part.  There  is  no  es 
caping  this  conclusion  except  upon  the  theory  that  the  people  who 
erected  these  works,  supposing  them  to  have  belonged  to  a  diflferent 
race  from  the  Indians,  were  acquainted  with  the  use  of  iron  and  silver; 
and  to  admit  this  is  virtually  to  re- write  the  archaeology  of  the  Missis- 
sippi Valley. 

Nor  is  this  the  only  instance  in  which  objects  of  European  manufac- 
ture have  been  found  under  such  circumstances  as  to  indicate  that  they 
were  used  by  the  people  who  found  shelter  behind  these  earthen  walls. 
In  Tennessee,  near  Murfreesboro,f  similar  discoveries  have  been  made, 

•  "One  of  them  had  hanging  about  his  neck  a  round  plate  of  red  copper,  wellpol- 
ishedy  with  a  small  one  of  Bilvcr  hung  in  the  middle  of  it ;  and  on  his  ears  a  small 
plate  of  copper,  with  which  they  wipe  the  sweat  away  from  their  bodies:"  Ribault 
(1562),  in  Bifft.  Coll.  of  Louisiana y  p.  178:  New  York,  1875.  Both  Ribault  and 
Lau(lonni^^e  make  repeated  mention  of  silver  and  even  gold,  but  the  latter  writer 
(Hakluyt,  vol.  m,  p.  369)  tells  us  that  it  is  **  gotten  out  of  the  shippes  that  are  lost 
upon  the  coast,  as  I  have  understood,  by  thesauages  themselues.'*  Harlot  (Hakluyt, 
vol.  Ill,  p.  327:  London,  1810),  speaks  of  '*two  small  pieces  of  siluer  grosly  beaten 
-  -  -  hanging  in  the  ears  of  a  Wiroans ;  -  -  -  of  whom,  through  inquiry,  -  -  - 
I  learned  that  it  had  come  to  his  hands  from  the  same  place  or  neere,  where  I  after 
understood  the  copper  was  made,  and  the  white  graines  of  metall  found.  The  afore- 
sayd  copper  wb  also  found  by  tryall  to  holde  siluer."  In  this  connection  the  copper 
"bosses  overlaid  with  a  thick  plate  of  silver,"  found  by  Dr.  Hildreth  in  a  mound 
at  Marietta,  Ohio,  becomes  of  interest.  Judge  Force,  to  whom  I  have  so  often  had 
occasion  to  refer,  examined  one  of  these  specimens,  and  tells  us  {To  what  liace  did 
the  Mound'huilders  Uelongj  p.  49),  that  **it  is  native  copper  hammered  into  shape." 
Ho  also  adds  that  'Mu  the  Lake  Superior  mines  silver  is  found  in  connection  with 
the  copper,  and  the  miners  there  now,  taking  advantage  of  good  specimens,  hammer 
them  into  rings,  with  the  silver  on  the  exterior  surface,  making  copper  rings,  silver- 
plated  by  nature,  precisely  as  the  Mound-builder  artisan  did  who  made  the  boss  at 
Marietta,"  and  we  may  add,  as  the  Florida  In<lian  did,  who  made  the  ornament 
spoken  of  by  Ribault.  In  another  mound  at  Marietta,  half  a  mile  oast  of  the  earth- 
works, was  found  a  silver  cup,  evidently  not  of  Indian  workmanship,  which  School- 
craft (Lead  Mines  of  Misnouriy  p.  274:  New  York,  1819)  describes.  It  belonged  to 
a  Mr.  Hill,  of  Cahokia,  and,  according  to  that  gentleman,  had  been  brought  to  light 
by  the  gra  lual  washing  away  of  the  mound  l^y  a  small  stream  which  ran  at  its  base. 

tDauH  Tangle  nord-ouest  du  comtV^  de  Franklin,  an  confluent  de  deux  braucht»s  lea 
plus  m<^ridionales  du  Duck,  on  voit  les  mines  d*un  vleux  fort  indien,  noram<^  Sione- 
Forty  qui  couvre  une  <^tendue  de  trente-deux  acres.  -  -  -  A  la  distauced'un  demi- 
mille  environ  an  nort  et  au  nord-ouest.  Ton  rencontre  deux  tertres,  dout  I'lm  a  cent 
pieds  de  longueur  et  vingt-cinq  de  hauteur  sur  vingt  de  largeur,  et  I'autrc  soixante 
pieds  de  longueur  et  vuigt  de  hauteur  sur  dix-huit  de  largeur.  On  voit  croltre  sur 
les  murs,  comme  sur  les  tertres,  des  arbres  aussi  grands  que  ceux  des  for^ts  voisiues. 
On  a  d^couvert  r<5cemment  dans  un  de  ces  tertres  un  sabre  de  deux  pieds  de  long,  qui 


Digitized  by  VjOOQ IC 


572  THE   MOUNDS   OF   THE   MISSISSIPPI  VALLEY. 

whilst  in  New  York*  and  Florida  these  "  finds/'  as  they  are  commonly 
called,  have  been  so  frequent  as  to  make  it  unnecessary  to  refer  to  them 
in  detail,  and  1  content  myself  with  the  following  extra<*t  from  the  four- 
teenth annual  report  of  the  Peabody  Museum,  t  which  it  is  needless  to 
say  is  heartily  indorsed.  Speaking  of  some  discoveries  made  by  Dr. 
David  Mack,  jr.,  in  the  course  of  his  explorations  in  Orange  County, 
Fla.,  Mr.  Putnam  holds  the  following  emphatic  language:  "  One  group 
of  mounds  was  inclosed  by  an  embankment,  and  was  very  likely  the 
site  of  an  Indian  village.  In  a  burial  mound  in  this  group  a  number  of 
ornaments  made  of  silver,  copi>er,  and  brass  were  found,  also  glass  beads 
and  iron  implements,  which  were  associated  with  i>ottery  and  stone 
implements  of  native  make.  This  furnishes  conclusive  evidence  that 
the  Indians  of  Florida  continued  to  build  mounds  over  their  dead  after 
European  contact;  for  the  care  with  which  the  exploration  was  made, 
and  the  depth  at  which  the  skeletons  and  their  associated  objects  were 
found  are  conclusive  as  to  the  burials  being  the  original  ones  and  not 
those  of  an  intrusive  people."  It  is  unnecessary  however  to  imrsue 
this  branch  of  the  subject  any  farther.  The  instances  quoted  above, 
admitting  them  to  be  true  (and  I  do  not  see  how  it  can  be  doubted), 
prove  very  clearly  the  recent  origin  of  the  particular  mounds  and  works 
to  which  they  refer.  To  increase  the  number  of  such  extracts  is  simply 
to  accumulate  evidence  upon  a  point  about  which  there  can  not  be  two 
opinions. 

Having  thus  cleared  our  minds  of  some  of  the  illusions  in  which 
this  subject  has  been  enveh)ped,  let  us  now  turn  to  the  early  chroniclers? 
and  see  what  they  really  do  tell  us  of  the  origin  of  these  works.  In 
examining  into  this  evidence,  the  division  heretofore  made  of  these 
remains,  into  mounds  and  embankments  or  inclosures,  will  be  adhered 
to,  though  the  order  in  which  they  are  to  be  taken  up  will  be  reversed, 
and  the  mounds  will  be  first  considered.  These  will  be  treated  under 
the  heads  of  (1)  Stone  heaps  or  cjiinis;  (2)  Conical  mounds  of  earth  or 
burial  mounds,  and  (3)  Truncated  or  temple  mounds.  There  are,  of 
course,  other  divisions,  but  for  my  purpose  these  are  believed  to  be 
sufficient,  as,  with  the  exception  of  the  animal  mounds,  about  which 
nothing  definite  is  known,t  all  the  rest,  so  far  as  size  and  mode  of  con- 


difffere  par  la  forme  de  tontes  lea  armes  de  cette  e8I5^ce  dont  ou  se  soit  servi  depnis 
rarriv<^e  des  Europ^ens.  Des  dc^bris  de  vaissclle  et  plusieiirs  briques  entidres  de 
neiif  pourefl  carr<58  et  de  trois  ponces  tlYpaisseur  out  6tf  trouv^^s  au  mc^ine  lieu:" 
Warden,  Antiquiii^s  de  VAm^rique  Septeniritmahj  p.  51 :  Paris,  1827. 

*  For  an  account  of  these  works  see  Schoolcraft,  Note9  on  the  Iroquoh^  Clark^s 
Onondaga,  and  Squier,  Aboriginal  Monuments  of  New  York,  iu  vol.  u,  Smithsonian 
Conirihutiona  to  Knowledge, 

t  Page  17,  Cambridge,  1881.  See  also  Report  Smithsonian  Institution  for  1877,  pp. 
298  and  S05;  Jones,  Antiquities  of  the  Southern  Indians^  p.  131,  and  Twelfth  Annual  Re- 
port of  the  Peabody  Museum^  in  vol.  ii,  p.  468. 

X  Unless  the  explanation  given  in  that  curious  book,  **  The  lYaditious  of  Decoodah," 
should  be  accepted  as  authority,  and  this  is  scarcely  advisable  in  the  present  state 
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structioii  are  coucerned,  may  be  brought  under  cue  or  the  other  of  thesje 
beads,  though  it  is  not  intended  thereby  to  assert  anything  as  to  the 
object  or  purpose  for  which  they  were  erected,  except  in  so  far  as  it  is 
made  known  to  us  by  the  authorities  to  whom  a  reference  may  be 
necessary. 

First.  Beginning  with  the  stone  heaps  or  cairns,  we  are  informed 
that  they  were  either  intended  to  commemorate  some  notable  event,  as 
a  treaty  of  peace,*  a  victory,  the  settlement  of  a  village,  the  passage  of 
a  war  party,t  or  else  they  were  thrown  up  as  landmarks,  or  as  me- 
morials over  the  dead.J  They  seem  to  have  been  very  widely  distrib- 
uted throughout  the  area  of  the  United  States,  as  they  are  to  be 
found  as  far  to  the  eastward  as  New  Englaud ;  §  they  are  more  or  less 


of  our  knowledge.  The  only  Btatement  that  I  find  in  any  of  the  early  chroniclers 
"whidh  can  possibly  be  construed  into  a  reference  to  these  mounds  is  in  Charlevoix 
( Ti'avelSf  vol.  ii,  p.  48),  and  even  in  this  case  it  can  only  be  so  construed  by  supposing 
that  by  '^  the  great  beaver''  is  meant  the  *'  beaver"  gens  of  some  tribe.  Charlevoix 
there  speaks  of  a  mountain,  near  Lake  Nipissing,  in  the  shape  of  a  beaver,  and  says : 
**  The  Indians  maintain  that  it  was  the  great  beaver  who  gttve  this  form  to  the 
mountain  after  he  had  made  choice  of  it  for  his  burial  place.  They  never  pa«8 
-    -    -    without  offering  him  the  smoke  of  their  toliacco." 

*  Beverly,  Virginia^  book  iii,  p.  27:  ^*They  use  formal  embassies  for  treating,  and 
very  ceremonious  ways  in  concluding  of  peace,  or  else  some  other  memorable  action, 
such  ixs  burying  a  tomahawk  and  raising  an  heap  of  stones  thereon."  Brinton,  in 
Amer.  Auticjuarian  for  October,  1881,  quoting  Blomes,  says  of  the  tribes  south  of  the 
Savannah  river,  "that  they  erected  piles  or  pyramids  of  stones  on  the  occasion  of  a 
successfal  conflict,  or  when  they  founded  a  new  village." 

t  *' We  observed  a  pile  of  stones,  -  -  -  which  I  w^as  informed  had  been  thrown 
up  as  a  monument  by  the  Osages  when  they  were  going  to  war,  each  warrior  casting 
a  stone  upon  the  pile:"  NuttaU,  Jrkansa  Territory,  p.  149:  Philadelphia,  1821. 
This  may  have  been  merely  a  ''landmark:"  Our  Wild  Indians^  by  Col.  Dodge,  p. 
557:  Hartford,  1882. 

X  **To  perpetuate  the  memory  of  any  remarkable  warriors  killed  in  the  woods,  I 
must  here  observe,  that  every  Indian  traveller  as  he  passes  that  way  throws  a  stone 
on  the  place,  according  as  he  likes  or  dislikes  the  occasion  or  manner  of  the  death 
of  the  deceased: "  Adair,  p.  184. 

^  Mountain  Monument,  in  Berkshire  County,  Mass.,  is  so  called  from  the  fact  that 
at  its  southern  extremity  is,  or  was  a  few  years  since,  a  pile  of  smaU  stones,  erected, 
according  to  tradition,  in  memory  of  a  woman  of  the  Stockbridge  tribe,  who  killed 
herself  by  leaping  from  the  precipice:"  W.  C.  Bryant,  Notes  to  Poems-.  Philadel- 
phia, 1849.  According  to  the  Amer.  Journal  of  Science^  vol.  vii,  p.  159,  mention  is 
made  in  Dr.  Dwight's  Travels  in  Connecticut^  etc.,  *'  of  two  of  these  stone  tumuli, 
which  appear  to  have  been  erected  over  offenders  against  the  law."  See  also  Abo- 
riginal Mon.  of  New  York,  p.  160,  for  an  account  taken  from  Hopkins^s  Memoir  of  the 
Housatonic  Indians,  of  the  erection  of  **  a  large  heap  of  stones,  -  -  -  probably 
10 cart  loads,  in  the  way  to  Wanhtukook,  which  the  Indians  have  thrown  together  as 
they  passed  by  the  place ;  for  it  used  to  be  their  custom,  every  time  one  passed  by, 
to  throw  a  stone  upon  it,"  etc.  I  must  confess  that  I  don't  know  where  this  cairn 
was  situated  or  when  it  was  built,  and  it  does  not  much  matter,  as  from  the  name 
of  the  tribe  it  is  evident  they  were  of  Xow  England  origin.  See  also  Domian, 
Origin  of  Primitive  Superstitions^  p.  185:  Philadelphia,  1881,  and  Haven,  in  vol. 
Ylll  of  Smithsmian  Contributions  to  Knowledge,  pp.  31,  et  seq. 
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numerous  in  ^STew  York, »  throughout  the  Ohio  Valley,  t  aud  the  States 
stUl  further  to  the  south,  J  whilst  in  the  West  they  are  known  to  have 
been  erected,  within  the  present  generation,  by  *^  tribes  living  in  the 
Rocky  Mountains  and  the  Sierra  Nevadas."§  In  point  of  size  there  is 
a  wide  difference  among  them.  A  large  majority  consists  of  not  more 
than  **two  or  three  cartloads  of  stone,"  though  Squier  speaks  of  one 
situated  near  the  Indian  trail  that  led  from  the  Shawnee  village  at 
Chillicothe  to  the  mouth  of  the  Scioto  River  as  being  rectangular  in 
shape,  and  originally  quite  symmetrical  in  outline,  and  measuring  106 
feet  long  by  60  broad,  and  from  3  to  4  feet  high.||  Where  intended 
as  memorials  of  the  dead  they  are  sometimes  piled  up  over  a  single 
corpse,  or  they  may  serve  to  mark  the  site  of  one  or  more  of  those 
general  interments,  when  the  dead  of  an  entire  village  or  a  clan,  for  a 
number  of  years,  were  collected  togetlier  and  buried  in  one  common 
grave.fl  This  latter  form  of  burial  was  not  confined  to  any  one  family 
or  stock  of  tribes,  but  seems  to  have  been  common  to  all,  aud  was 
always  attended  with  great  ceremony. 
The  Jesuit  Fathers  Breboeuf *♦  and  Lallemaut  tt  give  us  very  full  and 


*  A  pile  of  stones.  -  -  -  Indian  tradition  says  that  a  Mohawk  murdered  a 
brother  (or  two  of  them)  on  the  spot,  aud  that  this  tumulus  was  erected  to  com- 
memorate the  event.  -  -  -  They  aU  cast  a  stone  upon  the  pile : "  Howe,  Hi^tori' 
cat  Collections  of  New  York,  p.  278:  New  York,  1842. 

\Archwologia  Americana ,  vol.  I,  pp.  131-184.  Jnv.  Mon.  of  the  Mississippi  Valley ^ 
p.  184.  See  also  a  note  to  p.  362,  vol.  ii.  Reports  of  the  Peahody  Museum:  Cam- 
bridge, 1880. 

t  "Seven  heaps  of  stones  being  monuments  of  seven  Indians  slain  by  the  Sinne- 
gars:"  Lawson,  Carolina,  p.  44.  See  also  Jefferson,  Notes  on  Virginia^  p.  191,  and 
Jones,  Antiquities  of  the  Southern  Indians,  p.  127,  for  an  account  of  such  cairns  in 
Virginia  and  Georgia. 

$  Yarrow,  Mortuary  Customs  of  the  North  American  Indians^  p.  48:  Washington, 
1880.  See  also  United  States  Geographical  SnrreySy  west  of  the  100th  meridian,  vol. 
VII,  pp.  392  and  394.  One  of  these  cairns  was  25  feet  long,  20  broad,  and  10  feet  high, 
and  covered  the  body  of  a  warrior  called  by  the  Mormons  Nabbynunck.  See  also 
' Reconnoissance  of  Northwestern  Wyoming,  by  Capt.  Jones,  U.  S.  Army,  p.  276, 
where  we  are  told  that  among  the  Shoshonea  *'tho  dead  are  usually  buried  in  shal- 
low graves  aud  covered  with  a  low  mound  of  loose  stones.*' 

II  Anc.  Mon.  Miss.  VaUeif,  p.  184. 

51  Col.  C.  W.  Jenckes,  superintendent  of  the  Corundum  mines  iu  western  North 
Carolina,  says :  "  We  have  Indians  all  about  us  with  traditions  extending  back  for 
five  hundred  years.  In  this  time  they  have  buried  their  dead  under  huge  piles  of 
stones.  We  have  at  one  point  the  remains  of  600  warriors  under  one  pile:"  Foster, 
Prehistoric  Races,  p.  149:  Chicago,  1873.  As  the  Cherokees  had  held  the  region 
where  this  cairn  was  situated  from  time  immemorial,  this  was  probably  one  of  their 
graves.  That  they  did  bury  their  dead  in  this  fashion  maybe  inferred  from  a  state- 
ment of  Adair,  who  tells  us,  in  a  note  to  p.  185,  that  '*  the  Chcerake  do  not  now  col- 
lect the  bones  of  their  dead,  yet  they  continue  to  raise  and  multiply  heaps  of  stones 
as  monuments  of  their  dead."  See  also  Anc.  Mon.  of  the  Miss,  Valley,  p.  184,  for  an 
account  of  a  similar  interment  in  Pickaway  County,  Ohio. 

*'*  Relation  en  rannt^cl636,  chap,  viii  and  ix:  Quebec,  1858. 

tt  Relation,  a.  d.  1642,  pp.  94  et  seq. 
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interesting  accounts  of  the  manner  in  which  these  funerals  were  con- 
ducted  among  the  Huron  and  Algonquin  tribes  of  the  north;  and  the 
fi'equent  mention  made  of  the  custom  of  the  Indians  south  of  the  Ohio 
of  preserving  the  bones  of  the  dead*  leaves  no  doubt  as  to  the  preva- 
lence of  this  form  of  interment  throughout  all  that  region,  from  the 
time  of  De  Sotot  down  to  a  comparatively  recent  period,  even  if  there 
were  not  other  and  positive  evidence  of  the  fact.  It  is  worthy  of  note, 
however,  that  neither  one  of  the  Jesuit  fathers  named  makes  any  men- 
tion of  the  erection  of  a  mound  or  cairn  upon  the  occasion  of  one  of 
these  general  burials,  or,  in  fact,  at  any  other  time,  though  Morgan, 
speaking  of  the  funeral  customs  of  the  Iroquois,  is  of  the  opinion  that 
the  "barrows  and  bone  mounds,  which  have  been  found  in  such  num- 
bers in  various  parts  of  the  country,"  are  to  be  ascribed  to  the  practice 
of  disposing  of  their  dead  in  this  fashion,  and  this  is  confirmed  by  De 
Vries.  J  Be  this  as  it  may,  there  seems  to  be  good  ground  for  the  asser- 
tion that  some  of  the  tribes  belonging  to  the  Huron-Iroquois  family 
were,  at  onetime  and  under  certain  conditions,  in  the  habit  of  erecting 
stone  heaps  over  the  single  graves  in  which  their  dead  were  temporarily 
deposited.  Lafitau  §  states  the  fact  positively,  and  Adair  ||  tells  us,  on 
the  authority  of  "a  gentleman  of  distinguished  character,"  that  the 
Mohawks — one  of  the  Six  Nations — were  accustomed  thus  to  honor  their 
dead.  From  other  sources  we  learn  that  the  Onondagas,  another  mem- 
ber of  the  same  confederacy,  whenever  they  lost  a  friend  away  from 

*  Bartram,  TravelSj  p.  514.  Adair,  p.  183.  Lawson,  p.  182.  Du  Pratz,  vol.  ii,  p.  214, 
Beverly,  book  iii,  p.  29.  Bossn,  Travels  through  Louisiana,  vol.  i,  p.  298:  London, 
1771.    Bernard,  Romans,  pp.  89, 90. 

t  Knight  of  Elvaa,  in  Hist.  ColL  of  Louisiana,  part  ii,  p.  125.  La  Vega,  Hestorie  de 
la  Floride,  premiere  partie,  pp.264  ei  seq,,  and  seconde  partie,  pp.39  et  seq.:  Paris 
1709. 

t  League  of  the  Iroquois,  p.  173.  "  I  have  seen  at  the  north  (Fort  Orange),  great 
multitudes  of  Indians  assembled,  who  had  coHected  together  the  bones  of  their  an- 
cestors, cleaned  them,  and  bound  them  up  in  smaH  bundles.  They  dig  a  square  grave, 
the  size  and  length  of  a  person.  -  -  -  They  then  bury  the  bones  in  the  grave, 
with  a  parcel  of  Zee  wan,  and  with  arrows,  kettles,  knives,  paper,  and  other  knick- 
knacks,  which  are  held  in  great  esteem  by  them,  and  cover  them  with  earth,  and  place 
palisades  around  them  as  before  mentioned."  The  ''as  before  mentioned"  refers  to 
a  grave  that  was  ''seven  or  eight  feet  in  the  shape  of  a  sugar-loaf."  De  Vries,  Voy- 
ages, p.  1&4 :  New  York,  1853. 

^  "  Leurs  fosses  sout  de  petites  loges  creusi^es  en  rend  comme  des  puits ;  -  -  - 
on  les  natte  en  dedans  de  tons  cot^s  avec  des  dcorces ;  et  aprt^s  y  avoir  log<S  le  cada- 
vre,  on  y  fait  une  voute  presque  au  niveau  du  sol  avec  des  <5corces  semblables,  et  des 
pieux  qu*  on  charge  de  terre  et  de  pierres  d,  unecertaine  hauteur,  qui  tit  aussi  donner 
h  ces  tombeaux  les  noms  d'  Agger  et  do  Tumulus  :^^  Moeurs  des  Sauvages  Ameri- 
quains,  vol.  ii,  p.  416. 

II  "  Many  of  these  heaps  are  to  be  seen  in  all  parts  of  the  continent  of  North  America. 
-  -  -  Although  the  Mohawk  Indians  may  be  reasonably  expected  to  have  lost 
theii  primitive  customs,  by  reason  of  their  great  intercourse  with  foreigners,  yet  I 
was  told  by  a  gentleman  of  distinguished  character  that  they  observe  the  aforesaid 
sepulchral  custom  to  this  day :"  Xorth  American  Indians,  note  to  p.  185. 
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home,  buried  him  with  great  solemnity,  and  eve 
that  way,  visited  the  spot,  usually  singing  a  i 
ing  stones  upon  it."* 

Among  the  tribes  of  the  Algonquin  family,  i 
inhabiting  the  Gulf  States,  and  which,  for  the 
have  called  the  Appalachians,  the  custom  of  er< 
or  cairns  seems  to  have  been  more  or  less  pre 
t^lls  us  that  the  Indians  of  New  Netherlands  1 
which  "  they  placed  a  large  pile  of  wood,  stone 
this  'Hhey  placed  palisades  resembling  a  sni; 
ginia,  according  to  Capt.  Smith,  the  Powhatani< 
stones  which  stand  "  apart  from  their  temple; 
and  others  in  the  woods  and  wildernesses;  w 
extraordinary  accident  or  encounter.  As  you 
tell  you  the  cause  of  the  erection,  wherein  t 
dren;  so  that  they  are  instead  of  records  anc 
tiquities."J  In  Lawson's  account  of  hisjourne 
he  speaks  of  a  "  sort  of  tomb;  as  where  an  Ind 
place  they  make  a  heap  of  stones  (or  sticks,  wl 
found);  to  this  memorial  every  Indian  that  pf 
augment  the  heai),  in  respect  to  the  deceased  1 
a^s  we  have  seen  above,  also  buried  their  dead 
and  among  the  Chickasaws,  Choctaws,  and 
Creek  confederacy,  with  whom  Adair  lived  a 
years,  it  was  not  unusual,  in  the  woods,  "  to  s( 
small  stones  in  those  places  where,  accordin 
their  distinguished  people  were  either  killed  c 
could  be  gathered ;  there  they  add  Pelion  to  0 
heap,  as  a  lasting  monument  and  honor  to  tht 
great  actions."  fl 

Among  some  of  the  tribes  living  to  the  \^ 
especially  those  inhabiting  portions  of  the  re 

♦^  J.  V.  H.  Clark,  On  on  do  (/a,  vol.  I,  p.  52:  Syracuse,  1841 
derived  his  information  as  to  the  former  ciietoms  of  the 
furnished  by  La  Fort  (so  ho  wrote  his  own  name),  prim 
and  **  keeper  of  the  council  fire  of  the  Six  Naticms/'  wl 
cauley,  New  York,  vol.  ii,  p.  239,  says:  ^'Sometimes  the; 
the  bodies  of  distinguished  chiefs,"  but  he  does  not  giv 
ment. 

tNew  York  Hist.  Coll,,  new  series,  vol.  i,  p.  202. 
Lenape,  or,  as  we  call  them,  Delawarea,  and  their  conge 
used  instead  of  stones  or  earth,  the  Indians  of  Plymout 
much  the  same  manner.     See  Purchas  PilgrimSj  vol.  iv, 
parison — **of  the  grave  to  an  Indian  house" — is  used. 

t  Purchas  Pilgnms,  vol.  iv,  p.  1702. 

^  fThtory  of  Carolina,  p.  22:  London,  1718. 

'<  Bartram,  Travels,  p.  318.     Adair,  note  to  p.  185. 
Hiat.  of  North  American  Indians,  p.  184. 
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States  of  Missouri,  Kansas,  and  Arkansas,  this  same  custom  is  said  to 
have  obtained.  The  Osages,  as  is  elsewhere  stated,  erected,  on  one 
occasion,  a  pile  of  stones,  as  a  nionument,  when  they  were  going  to 
war;  and  if  we  may  credit  the  account  given  by  Hunter  of  the  man- 
ners and  customs  of  this  and  some  other  Western  tribes,*  they  some- 
times, "  at  or  soon  after  burial,  cover  the  grave  with  stones,  and  for 
years  after  occasionally  resort  to  it,  .and  mourn  over  or  recount  the 
merits  and  virtues  of  its  silent  tenant."!  This  was  not  however  the 
only  form  of  interment  practiced  among  them,  as  we  are  told  that  "this 
ceremony  was  i)erformed  differently,  not  only  by  different  tribes,  but 
by  the  individuals  of  the  same  tribe,  •  -  -  the  body  being  some- 
times placed  on  the  surface  of  the  ground,  between  flat  stones  set  edge 
upwards,  and  then  covered  over,  first  by  similar  stones,  and  then  with 

*  ''  What  TemainB  to  be  said  of  the  Indians  relates  more  particularly  to  the  Osagea, 
although  it  will  apply  with  almost  as  much  propriety  to  the  Kansas,  Mahas,  and 
Ottawaa.  In  fact,  if  we  except  the  roving  bands,  the  circnmstances  of  the  Indians 
settled  immediately  to  the  west  of  the  Mlssoari  and  Mississippi,  are  so  very  similar 
that  the  delineation  of  any  particular  nation  or  tribe  will  answer  for  them  all,"  etc. : 
Hunter's  Captivity ,  p.  213 :  I^ondon,  1823.  Exactly  what  amount  of  credence  is  to 
be  placed  in  these  **  Memoirs ''  is  a  point  about  which  opinions  differ.  Gen.  Cass,  in 
the  North  American  Bevieiv  for  .January,  1826,  makes  a  savage  attack  upon  the 
book,  and  introduces  letters  from  John  Dunn  (whose  name  Hunter  took,  and  who 
had  *^  treated  him  like  a  brother  or  son'').  Gen.  Wm.  Clark,  and  others,  to  the  effect 
that  they  never  knew  any  such  person,  and  that  it  was  not  possible  for  the  events  of 
which  he  speaks  to  have  happened  without  their  knowledge.  This  is  to  some  extent 
negative  evidence,  and  does  not  amount  to  much ;  but  even  if  it  were  true,  and  Hun- 
ter was  a  myth,  and  the  work  that  bears  his  name  was  a  compilation,  it  would  only 
invalidate  so  much  of  the  narrative  as  refers  to  his  personal  experiences  whilst  a 
prisoner.  All  the  rest,  including  that  portion  devoted  to  a  description  of  the  "  Man- 
ners and  Customs  of  some  of  the  Western  Indians,'' would  then  become  simply  a 
question  of  fact,  and  as  such  would  have  to  be  decided,  as  all  such  matters  are,  by  a 
comparison  of  authorities  in  order  to  see  how  far  the  statements  are  corroborated. 
Applying  this  rule  of  evidence,  it  wiJl  be  found  that  the  reviewer,  and  not  the  com- 
piler, will  suffer.  To  go  no  farther  than  the  iustances  quoted  in  the  text,  we  find 
undoubted  evidence  that  the  Osages  have,  withiu  the  present  century,  built  both 
stone  heaps  and  burial  mounds;  and  that  if  they  did  not  bury  in  stone  graves,  the 
Delawares,  Kickapoos,  and  Shawnees  did,  and  these  tribes  can  be  shown  to  have 
lived  within  the  region  and  inside  of  the  time  covered  by  Hunter's  narrative.  If, 
now,  there  were  no  such  individual  as  Hunter,  as  the  reviewer  plainly  intimates, 
then  the  compiler  of  the  volume  that  bears  his  name  must  have  manufactured  the 
story  out  of  whole  cloth,  which  is  not  probable,  or  else  he  must  have  obtained  his 
information  from  some  person  who  was  cognizant  of  the  existence  at  some  time  of 
this  form  of  burial  among  the  Indians.  If,  on  the  other  hand.  Hunter  was  a  real 
personage,  and  the  book  is  a  genuine  record  of  his  experiences,  then  the  statement 
must  be  accepted  as  true,  for  the  reason  that  it  is  not  only  antecedently  very  proba- 
ble in  itself,  but  because  the  account  he  has  given  of  the  customs  of  the  tril»es 
among  whom  he  clams  to  have  been  a  prisoner,  has  not,  as  yet,  been  successfully, 
impugned. 

t  Captivittf,  p.  309. 

H.  Mis.  334,  pt.  1 37 
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earth  brought  a  short  distance."*  To  judge  from  tlus  description, 
these  graves  do  not  differ  from  the  so-called  ''  stone  graves"  of  Ten- 
nessee, and  it  need  not  siir[)rise  us  therefore  to  hear  that  although 
these  "Indians  do  not  pretend  to  any  correct  knowledge  of  the  tumuli 
or  mounds  that  are  occasionally  met  with  in  their  country,"  yet  "  there 
are  other  elevations  differing  materially  from  the  mounds  -  -  - 
which  were  formerly,  and  are  at  present,  exclusively  devoted  to  bury- 
ing their  dead,"  and  wliich  "  are  composed  of  stones  and  earth,  placed 
in  such  a  manner  as  to  cover  and  separate  one  dead  body  from  an- 
other,"! precisely  as  was  the  case  in  tlie  stone  grave  mounds  of  the 
Cumberland  Valley,  f 

Nor  is  this  the  only  kind  of  mound  that  the  Osages  are  said  to  have 
erected  within  the  historic  period,  nor  are  they  the  only  people  of  the 
Bahcotah  stock  who  have  been  accustomed  thus  to  bury  their  dead. 
Featherstonhaugh  tells  us  that  upon  the  unexpected  death  of  one  of 
their  chiefs  called  by  the  French  Jean  Defoe,  which  took  place  whilst 
all  the  men  of  the  tribe  were  hunting  in  a  distant  country, "  his  friends 
buried  him  in  the  usual  manner,  with  his  weapons,  his  earthern  pot, 
and  the  usual  accompaniments,  and  raised  a  small  mound  over  his 
remains.  When  the  nation  returned  from  the  hunt,  this  mound  was 
enlarged  at  intervals,  every  man  assisting  to  carry  materials,  and  thus 
the  accumulation  of  earth  went  on  for  a  long  period,  until  it  reached  it6 
present  height,  when  they  dressed  it  off  at  the  top  in  a  conical  form. 
The  old  chief  further  said  that  he  had  been  informed  and  believed  that 
all  the  mounds  had  a  similar  origin."  §  According  to  Lewis  and  Clarke, 
the  Omahas,  about  the  beginning  of  this  century,  erected  a  mound  12 
feet  in  diameter  and  C  feet  high  over  the  body  of  their  chief,  Black- 
bii'd,||  and  Catlin  tells  us  that  at  the  Red  Pipe  Stone  Quarry  can  be 


*  Captivity  f  p,  355.  8e«  this  aud  succeediug  page8  for  a  description  of  other  modes 
of  disponing  of  their  dead  temporarily  as  well  as  permanently.  SimUar  stone  graves 
have  been  found  at  Angustai  Ky.,  and,  according  to  Squier  (Abot\  Hon,  New  York, 
p.  129;,  glass  beads  and  iron  rings  were  found  in  some  of  them. 

t I.e.,  pp.  307  and  308. 

tFor  an  account  of  these  graves  and  mounds,  see  the  Eeports  of  the  Peabody 
Museum  of  American  ArchcBology,  etc.,  vol.  ii,  pp.  305  and  261  et  seq.:  Cambridge, 
1880. 

^ExetirHon  through  the  Slave  Staiee,  pp.  70-71.  The  old  chief  further  said 
that  '*the  tradition  had  been  steadily  transmitted  down  from  their  ancestors, 
that  the  Whahsash  (Osages)  had  originally  emigrated  from  the  East  in  great  num- 
bers, the  population  being  too  dense  for  their  hunting  grounds;  he  described  the 
forks  of  the  Alleghany  and  Monongahela  rivers,  and  the  falls  of  the  Ohio,  where 
they  had  dwelt  some  time,  and  where  large  bands  had  separated  from  them,  and 
distributed  themselves  in  the  surrounding  country/'  This  mound  is  probably  the 
same  one  which  Beck  {Gazetteer'  of  Mieeouri^  p.  308)  describes  as  being  ''one  of  the 
largest  mounds  in  this  country,  thrown  up  on  this  stream  within  thirty  or  forty 
years,  by  the  Osages,  near  the  great  Osage  village,  in  honor  of  one  of  their  deceased 
chiefs." 

HLttwis  aud  Clarke,  vol.  i,  p.  43:  Philadelphia,  1814.  Catlin,  vol.  ii,  p.  5,  visited 
this  mound  about  1832,  aud  brought  away  the  skull  of  the  Omaha  chief,    6ee  hia 
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seen  "  a  inoand  of  a  conical  form  of  10  feet  height,"  which  had  been 
thrown  up  over  the  body  of  a  distinguished  young  Sioux,  who  had 
been  accidentally  killed  whilst  on  a  visit  to  that  famous  spot.* 

Crossing  the  Mississippi,  we  are  told  that  the  Chippewas,  an  Algon- 
quin tribe,  having  been  successful  in  a  battle  with  the  Sioux,  their 
women  and  children  "in  celebrating  the  achievement,  erected  a  meund 
from  the  adjacent  surface,  about  5  feet  in  height,  and  in  diameter  8  or 
10  feet,  ui>on  the  summit  of  which  a  pole  10  or  12  feet  in  length  was 
planted,  and  to  this  pole  tufts  of  grass,  indicating  the  number  of  scalps 
and  other  trophies  achieved,  were  tied ;  around  this  mound  the  warriors, 
with  their  usual  ceremonies,  indulged  in  mirth  and  exultations  over  the 
scalps  of  their  fallen  foes.^t  This,  it  will  be  noted,  is  not  a  burial 
mound,  but  seems  to  have  been  thrown  up  to  commemorate  a  victory, 
and  I  mention  it  particularly,  as  it  may  serve  to  shed  some  light  upon 
the  objecD  or  purpose  for  which  the  so-called  anomalous  mounds  of  Mr. 
Squier  were  constructed.  That  some  of  the  Algonquin  tribes  were 
however  in  the  habit  of  erecting  mounds  over  their  dead  does  not  ad- 
mit of  a  doubt.  De  Vries  {IU2— Voyages,  p,  163:  New  York,  1853) 
tells  us  that  the  Indians  about  Fort  Amsterdam  (New  York)  "form  the 
grave,  7  or  8  feet,  in  the  shape  of  a  sugar  loaf,  and  place  palisades 
around  it;"  and  in  the  Jesuit  Rehitions  for  the  year  IGll,  it  is  said  that 
the  tribes  in  Maine  and  farther  to  the  eastward  "build  a  sort  of  pyra- 
mid'^ over  their  distinguished  dead.  According  to  McKenney,  a  former 
superintendent  of  Indian  aflfairs,  the  two  mounds  on  Lake  Winnebago, 
Wisconsin,  known  as  Le  Grand  and  Le  Petit  Butte  des  Morts,  were 
erected  over  the  bodies  of  a  number  of  Fox  warriors  who  had  been  killed 
in  a  battle  that  took  place  near  that  spot  between  that  tribe  and  t  lie 
Iroquois.t    Van  der  Donck,  too,  as  we  have  seen,  is  equally  positive  as 

work  for  an  account  of  how  the  mound  was  built.  In  Science  for  March  16, 1883, 
Mr.  Frank  La  Fldche,  in  a  letter  to  Mr.  Putnam,  of  the  Peabody  Museum,  says:  *^I 
made  inquiries  about  the  mound  made  by  the  Omahas,  in  which  Big  Elk  was  buried, 
and  was  told  that  it  was  about  as  high  as  the  shoulders  of  a  tall  man  standing  up, 
and  that  he  was  buried  with  great  ceremonies.  His  favorite  horse  was  strangled  to 
death  by  liis  grave,  and  most  of  his  horses  and  household  goods  were  given  to  the 
poor.''    This  was  about  182.5-^30. 

*  North  American  Indiana,  vol.  ii,  p.  170:  London,  1876.  He  adds  that  the  story 
was  related  to  him  by  the  father  of  the  young  man,  a  Souix  chief,  who  was  "  visit- 
ing the  Red  Pipe  Stone  Quarry,  with  thirty  others  of  his  tribe,  when  we  were  there, 
and  cried  over  the  grave  as  he  related  the  story." 

t  S.  Taylor,  in  Amer,  Jour,  of  Science,  vol.  XLiv,  p.  22. 

tFrom  aged  Indians  ''I  learned  that  a  long  time  ago  a  battle  was  fought,  first 
upon  the  spot  upon  which  is  Le  Petit  Butte  des  Morts,  and  the  grounds  adjacent,  and 
continued  upon  that  and  the  surrounding  country,  upon  which  is  found  Le  Grand 
Butte  des  Morts,  between  the  Iroquois  and  Fox  Indians,  in  which  the  Iroquois  wore 
victorious,  killing  an  immense  number  of  the  Foxes  at  Le  Petit  Butte  des  Morts; 
when,  being  beaten,  the  Foxes  retreated,  but  raUied  at  Le  Grand  Butte  des  Morts,  and 
fought  until  they  were  nearly  all  slain.  -  -  -  In  those  two  mounds,  it  is  said,  re- 
pose the  remains  of  those  slain  at  those  two  battles : "  McKenney,  MemMra,  etc.,  p.  84 ; 
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to  the  erection  of  burial  mounds  by  certain  tribes  of  this  family,  and 
the  same  fact  may  be  inferred  from  the  account  given  by  Mr.  Jefferson  ♦ 
of  the  opening  of  a  mound  that  formerly  stood  on  the  low  grounds  of 
the  Rivanna  Eiver,  and  which  evidently  covered  a  number  of  those  com- 
munal interments  of  which  we  have  already  spoken.  This  mound  was 
surrounded  by  a  ditch,  was  about  40  feet  in  diameter,  and  had  been 
about  12  feet  high,  before  its  height  was  reduced  by  cultivation.  Trees 
were  growing  upon  it  that  measured  12  inches  in  diameter.  It  is  true 
that  nothing  is  here  said  as  to  the  time  when,  or  the  people  by  whom, 
this  mound  was  built;  but  the  circumstances  under  which  it  was  re- 
visited by  a  band  of  Indians  in  Mr.  Jefferson's  time,t  taken  in  connec- 
tion with  the  size  of  the  trees,  the  condition  of  the  bones  and  the  £act 
that  the  mound  was  in  close  proximity,  or  "just  opposite  to  some  hills 
on  which  had  stood  an  Indian  town,''  affords  strong  evidence  that  some 
of  the  later  interments  found  here  must  have  taken  place  after  the  set- 
tlement of  Jamestown  in  1607. 

In  regard  to  the  practice  of  the  Huron-Iroquois  in  this  respect,  our 
accounts  differ.  Gen.  Parker,  in  answer  to  the  question  whether  the 
Six  Nations,  after  the  arrival  of  the  whites,  ever  erected  mounds  of 
earth  or  stone  over  single  graves,  or  at  their  general  interments,  says 
positively  that  he  had  never  heard  of  the  existence  of  any  such  custom 
among  them,  but  that  on  the  contrary  they  had  always  asserted  that 
the  bone  mounds  were  built  by  a  race  of  people  who  had  preceded  them 
in  the  occupancy  of  the  land.  He  also  says  that  the  reasons  assigned 
for  the  erection  of  these  tumuli,  as  well  as  the  methods  by  which  they 
grew  to  their  present  size,  were  always  given  with  great  uniformity. 
This  is  very  high  authority,  and  yet  in  the  present  instance  it  can 
hardly  be  regarded  as  decisive,  for  the  reason  that  it  is  negative  evidence, 
and  must  give  way  to  the  positive  testimony  we  have  of  the  fact.  Thus 
for  instance  Colden,  speaking  of  their  single  interments,  tells  us  that 
the  Iroquois  deposit  the  body  in  a  large  round  hole  and  raise  the  earth 
in  a  round  hill  over  it,|  and  in  this  he  confirms  the  statements  previ- 
ously quoted  of  Lafitau  and  De  Vries,  the  latter  of  whom"  (/.  c,  p.  154), 
describing  the  funeral  ceremonies  of  the  tribes  living  near  the  mouth  of 
the  Hudson,  tells  us  that  "their  manner  of  living  is  for  the  most  part 


New  York,  1846.  Other  accounts  represent  this  battle  as  having  been  fonght  be- 
tween the  Foxes  on  one  side  and  the  French  and  Menominees  on  the  other.  It  is  im- 
material to  me  who  were  the  parties  engaged  against  the  Foxes. 

*  Notes  on  Virginiaj  pp.  186  et  seq.:  Philadelphia,  1801. 

tThis  visit  took  place  about  1750,  and  is  thus  described :  '*On  whatever  occasion 
thoy,'^  the  mounds,  "may  have  been  made,  they  are  of  considerable  notoriety  among 
the  Indians :  for  a  party  passing,  about  thirty  years  ago  through  the  part  of  the 
country  where  this  barrow  is,  went  through  the  woods  directly  to  it,  without  any 
instructions  or  inquiry ;  and  having  staid  about  it  some  time,  with  expressions  which 
were  construed  to  be  those  of  sorrow,  they  returned  to  the  high-road,  which  they  had 
left  about  half  a  dozen  miles  to  pay  this  visit,  and  pursued  their  journey :"  lb,,  p.  191. 

\  Five  XationSf  Introduction,  p.  16. 
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like  that  of  those  at  Fort  Orange;  who  however  are  a  braver  and  a 
more  martial  nation  of  Indians — by  name,  the  Maquas — as  before 
mentioned,  and  who  hold  most  of  the  others  along  the  river  to  Fort 
Amsterdam  under  tribute.'' 

Of  the  bone  mounds,  or  those  which  mark  the  site  of  one  or  jfiore  com- 
munal interments,  our  accounts,  though  somewhat  meager,  are  not  less 
explicit.  According  to  La  Fort,  the  Onondaga  chief,  different  forms  of 
burial  existed  among  the  Iroquois  at  different  times,  and  he  might  also 
have  added  at  the  same  time,  when  the  conditions  were  different.  Thus, 
in  addition  to  the  mode  of  interment  already  noticed,  we  are  told  that 
when  numbers  were  slain  in  battle  they  '^  were  gathered  and  laid  in 
tiers  one  above  another,  and  a  high  mound  raised  over  them."*  In  par- 
tial confirmation  of  this,  we  have  the  statement  of  the  Modern  Senecas 
that  the  mound  on  Tonawanda  Island  was  the  burial  place  of  the  Neu- 
ters,! a  kindred  tribe,  who  were  destroyed  by  the  Iroquois  about  the 
middle  of  the  seventeenth  century;  and  there  is  also  the  mound  visited 
by  the  Rev.  Mr.  Kirkland  in  1788,  and  though  the  condition  of  "the 
bones  upon  its  surface,  and  sticking  out  in  many  places  on  its  sides,'' 
is  totally  incompatible  with  any  such  antiquity  as  is  claimed  for  it,  yet 
there  can  be  no  j;eason  why  the  account  given  by  the  Senecas  of  the 
circumstances  under  which  it  was  built  may  not  be  literaily  true.  Es- 
8i)ecially  is  this  so,  in  view  of  the  fact  that  we  have  undoubted  evidence 
that  at  a  council,  held  in  1743,  between  the  Onondagas  and  the  Anti- 
coque  Indians,  the  latter  "  gave  broad  belts  of  wampumj  3  arm  belts 
and  5  strings;  one  was  to  wipe  clean  all  the  blood  they  had  spilt  of  the 
Five  NationSj  another  to  raise  a  tumulus  over  their  graves,  and  to  pick 
out  the  sticks,  roots,  or  stones,  and  make  it  smooth  on  the  top."|  This 
is  believed  to  be  decisive  of  the  matter,  for  consti*ue  the  statement  as 
we  may,  there  can  be  no  doubt  that  the  Iroquois,  or  the  people  with 
whom  they  fought,  were  in  the  habit  of  building  mounds  over  their 
dead;  and,  so  far  as  my  argument  is  concerned,  it  is  perfectly  imma- 
terial which  of  them  did  so,  as  the  question  is  not  what  particular  tribe 
constructed  these  mounds,  but  were  they  built  by  the  red  Indians  of 
historic  times!  ^ 

South  of  the  Ohio,  in  the  States  along  the  Atlantic  coast,  certain 
tribes  are  said  to  have  had  the  same  custom.  Lawson,  describing  the 
manner  of  interment  among  the  Santees,  one  of  the  Carolina  tribes, 
says:  "A  mole  or  pyramid  of  earth  is  rais'd,  the  mould  thereof  being 
work'd  very  smooth  and  even,  sometimes  higher  or  lower  according  to 
the  dignity  of  the  person  whose  monument  it  is.  On  the  top  thereof  is 
an  umbrella,  made  ridge- ways,  like  the  roof  of  an  house;  this  is  sup- 
ported by  nine  stakes,  or  small  posts,  the  grave  being  about  six  or 


•  J.  V.  H.  Clark,  Onondaga,  voL  i,  p.  51. 

t  Marshall,  Historical  Sketches  of  the  Niagara  Frontier,  p.  8. 

t  John  Bartram,  Ohserrations,  etc.,  p.  62:  London,  1751. 
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eight  foot  in  length  and  four  foot  in  breadth."  *  In  Florida  proper  we 
are  told  that  upon  the  death  of  a  king  he  was  buried  with  great 
solemnity,  and  the  shell  from  which  he  usually  drank  was  placed  on 
the  tumulus,  around  which  many  arrows  were  stuck  up.  Le  Moynet 
gives  a  picture  of  one  of  these  graves — shell,  arrows,  and  all — but 
either  the  drawing  is  most  abominably  foreshortened,  or  else  the 
tumulus  is  too  insignificant  to  come  within  the  scope  of  our  inquiry. 
However,  both  this  and  the  preceding  interment  belong  to  the  class 
called  single,  and  this  may  perhaps  account  for  the  size  of  the  mounds 
erected  over  them.  In  each  of  the  localities  referred  to  the  communal 
form  of  burial  was  also  practiced,  and  in  some  cases,  especially  on  the 
peninsula,  mounds  covering  interments  of  this  character  have  been 
found,  which  are  not  only  of  large  size,f  but  which,  from  the  nature  of 
their  contents,  must  have  been  thrown  up  after  the  arrival  of  the 
whites.  That  the  tribes  inhabiting  the  Gulf  States,  including  under 
this  head  the  Chickasaws,  Cherokees,  Choctaws,  and  the  Muscogees 
and  their  allies,  were  at  one  time  in  the  habit  of  erecting  mounds  over 
their  dead  does  not  admit  of  a  doubt,  though  it  is  probable  that  the 
custom,  like  many  others  connected  with  their  funeral  rites,  died  out 
at  an  early  day.  ^ 

Adair  tells  us  that  ^<  many  of  these  heaps  are  to  be  seen  in  all  parts 
of  North  America;  where  stones  could  not  be  had,  they  raised ^arge 
hillocks  or  mounds  of  earth,  wherein  they  carefully  deposited  the  bones 
of  their  dead,  which  were  placed  either  in  earthen  vessels  or  in  a  simple 
kind  of  ark  chests.'*§  According  to  De  Brahm,  "A  large  conical  mound 
near  Savannah  was  i)ointed  out  to  Gen.  Oglethorpe  as  being  the  tomb 
of  the  Yamacraw  chief,  who  had,  many  years  before,  entertained  a 
great  white  man  with  a  red  beard;  '^  ||  and  the  evidence  of  the  younger 
(William)  Bartram,  to  which  we  have  so  often  had  occasion  to  refer, 
is  even  more  definite.  Describing  the  burial  customs  of  the  Choctaws, 
that  writer  says:  "As  soon  as  a  i)erson  is  dead  they  erect  a  scafibld  18 
or  20  feet  high  in  a  grove  adjacent  to  the  town,  where  they  lay  the 
corpse,  lightly  covered  with  a  mantle;  here  it  is  suffered  to  remain, 
visited  and  protected  by  the  friends  and  relatives,  until  the  flesh 
becomes  putrid,  so  as  easily  to  part  from  the  bones,  then  undertakers, 
who  make  it  their  business,  carefully  strip  the  flesh  fi*om  the  bones, 
wash  and  cleanse  them,  and  when  dry  and  purified  by  the  air,  having 
provided  a  curiously- wrought  chest  or  coffin,  fabricated  of  bones  and 
splints,  they  place  all  the  bones  therein,  which  is  deposited  in  the  bone- 
house,  a  building  erected  for  that  purpose  in  every  town.    And  when 


*  History  of  Carolina^  p.  2L 
tDe  Bry,  plate  xl. 

XNarratireof  Osceola^  quoted  by  Dr.  Brinton  in  the  ^m^ru^N  JnH^iNinafi  for  Oc- 
tober, 1881. 
^  Hist,  of  Amer,  Indians^  note  to  p.  185. 
H  Quoted  in  Jntiquities  of  the  Southern  Indians,  p.  131. 
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this  house  is  fall  a  general  solemn  funeral  takes  place.  When  the 
nearest  kindred  or  friends  of  the  deceased,  on  a  day  appointed,  repair 
to  the  bone-house  and  take  up  the  respective  coffins,  and  following  one 
another  in  order  of  seniority,  the  nearest  relations  attending  their  re- 
spective corpse,  and  the  multitude  following  after  them,  all  as  one 
family,  with  alternate  voice  of  Allelujah  and  lamentation  slowly  pro- 
ceeding on  to  the  place  of  general  interment,  where  they  place  the 
coffins  in  order,  forming  a  pyramid;  and  lastly,  cover  all  over  with 
earth,  which  raises  a  conical  hill  or  mount."* 

The  third  and  last  class  of  mounds  that  we  shall  consider  are  the 
truncated,  or,  as  they  are  sometimes  called,  temple  mounds,  with  graded 
ways  to  their  tops.  They  are  comparatively  numerous  south  of  the 
Ohio,  and  are  also  found,  though  less  frequently,  as  far  north  as  the 
middle  of  the  tier  of  States  that  lie  along  the  northern  bank  of  that 
river;  but  beyond  this  point  they  are  believed  to  be  unknown.  Of 
their  origin  and  use  in  the  Southern  States,  and  especially  along  the 
line  of  De  Soto's  march,  there  is  abundant  proof.  The  chroniclers  of 
that  enterprise  are  in  fall  accord  upon  these  i)oints;  and  though  it  is 
not  possible  to  make  out  the  itinerary  of  that  expedition,  yet  there  is 
but  little  hazard  in  asserting  that  he  was  on  both  sides  of  the  Missis- 
sippi, and  visited  not  only  the  Muscogees  and  Choctaws  of  the  Gulf 
States,  but  also  the  Cherokees  ("Achalaque")  and  Chickasaws  of  Ten- 
nessee, and  the  Quapaws  (Capahas- Kappas)  of  northeastern  Arkansas. 
Among  all  these  tribes  there  was  a  general  uniformity  in  the  methods 
of  building  the  cabins  of  their  chiefs,  and  in  laying  out  and  fortifying 
their  villages.  La  Vegat  tells  us  that  the  town  and  house  of  the 
Cacique  Ossachile  were  like  those  of  all  the  other  Caciques  in  Florida, 
and  assigns  this  as  the  reason  why,  instead  of  describing  this  particular 
town  and  house,  it  was  better  to  give  one  general  account  that  would 
answer  for  all.  He  then  goes  on  to  say  that  the  Indians  always  en- 
deavor to  place  their  villages  on  elevated  sites;  but  as  such  situations, 
with  the  conveniences  for  bnilding,  are  not  always  to  be  found  in  Florida, 
'*they  themselves  throw  up  elevations  in  this  manner.  They  choose  a 
spot  to  which  they  bring  a  quantity  of  earth,  and  this  they  pile  up  in  the 
shape  of  a  platform,  two  or  three  pike's  length  in  height,  and  large 
enough  on  top  to  hold  ten  or  twelve,  fifteen  or  twenty  houses,  in  which 
are  lodged  the  Cac^ique  and  his  attendants.  At  the  foot  of  this  mound 
they  lay  out  a  square,  proportioned  to  the  size  of  the  intended  town, 


*  Traveh  through  Florida^  p.  516.  On  p.  139  he  Hpeaks  of  **  sepulchres  or  tumuli 
of  the  Yamasees,  who  were  here  Blain  by  the  Creeks  \\\  the  last  decisive  battle,  the 
Creeks  having  driven  them  to  this  point,  between  the  doubling  of  the  river,  where 
few  of  them  escaped  the  fury  of  the  conquerors.  These  graves  occupied  the  whole 
grove,  consisting  of  2  or  3  acres  of  ground ;  there  were  nearly  thirty  of  these  ceme- 
teries of  the  dead,  nearly  of  an  equal  size  and  form ;  they  were  oblong,  20  feet  in 
length,  10  or  12  feet  in  width,  and  3  or  4  feet  high,  now  overgrown  with  orange 
trees,  live  oaks,"  etc. 

i  Histmre  de  la  Floride,  premiere  partio,  livre  2de,  chap,  xxvii:  Paris,  1709. 
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and  aroand  this  the  principal  men  of  the  village  build  their  cabins.  The 
common  i)eople  are  housed  in  the  same  manner,  and  thus  they  surroand 
the  dwelling  of  their  chief."  To  ascend  this  elevation  they  have  a 
graded  way  from  top  to  bottom,  in  which  the  slope  is  so  gradual  that  a 
horseman  can  ride  up  without  any  difficulty.  Excepting  at  this  one 
place,  all  the  other  sides  are  made  so  steep  as  to  be  difficult  of  ascent. 
Elsewhere,  in  the  town  of  Guachoule,  on  the  head  waters  of  the  Coosa 
River,*  and  near  the  country  of  the  "  Achalaqu^,''  the  dwelling  of  the 
chief  is  said  to  stand  on  a  ^^  mound,  with  a  terrace  around  it  wide 
enough  for  six  men  to  walk  abreast."  t  West  of  the  Mississippi,  among 
the  Capahas  and  their  neighbors,  it  was  the  custom  of  the  Caciques 
to  raise  "near  their  dwellings  very  high  hills,  on  which  they  some- 
times build  their  huts;"]:  and  the  Gentleman  of  Elvas  tells  us  that  in 
the  town  of  Ucita,  near  which  De  Soto  landed,  and  which  is  supposed 
to  have  been  situated  on  the  west  coast  of  Florida,  "  the  lord's  house 
stood  upon  a  very  high  mount,  made  by  hand  for  strength."  §  A  few 
years  later,  in  Laud(mniere's  account  of  the  ill-fated  attempt  of  the 
Huguenots  to  plant  a  colony  on  the  northeastern  coast  of  this  same 
Floridian  peninsula,  we  have  repeated  allusions  to  "aUeys,"||  which 
are  none  other  than  the  '^  grand  avenues  "  or  Indian  highways,  men- 
tioned by  Bartram  as  leading  in  a  straight  line  from  "  a  pompous  Indian 
mount,  or  conical  pyramid  of  earth,  that  stood  on  the  site  of  an  ancient 
town,  through  a  magnificent  grove  of  magnolias,  live  oaks,  palms,  and 
orange  trees,  to  the  verge  of  a  large  green  level  savanna."11 

Passing  over  an  interval  of  one  hundred  and  fifty  years,  we  find  thatv, 
among  many  of  these  same  tribes,  the  custom  still  existed  of  erecting 
mounds  as  siteB  for  their  habitations.  The  cabins  of  the  Yazous, 
Courois,  Ossagoulas,  and  Ouspie  tribes,  living  on  the  lower  Mississippi, 
jire  said  to  have  been  "  dispersed  over  the  country  upon  mounds  of 
earth  made  with  their  own  hands,  from  which  it  is  inferred  that  these 
nations  are  very  ancient,  and  were  formerly  very  numerous,  although 
at  the  present  time  they  hardly  number  250  persons."  *•  According  to 
Du  Pratz,  the  temple  of  the  Natchez  was  about  30  feet  square,  and 
was  situated  by  the  side  of  a  small  river,  on  an  artificial  mound,  which 
was  about  8  feet  high,  and  sloped  insensibly  from  the  main  front  on 
the  north,  but  was  somewhat  steeper  on  the  other  sides."  The  same 
author  also  tells  us  that  the  cabin  of  their  chief,  or  Great  Sun,  as  he 
was  called,  was  placed  ui)on  a  mound  of  about  the  same  height,  though 
it  was  somewhat  larger,  ^'  being  00  feet  over  on  the  surface."  tt    When 


*  Picket,  History  of  Alabama y  vol.  i,  p,  8:  Charlestou,  1851. 

t  La  Vega,  seconde  partie,  p.  2. 

t  Biedma,  Hist.  ColL  Louisiana,  part  ii,  p.  105. 

i  Gentletnan  of  Elvas ^  I,  c,  p.  123. 

II  Hakluyt,  vol.  in,  pp.  407  and  415. 

^Travels  through  Florida,  pp.  103  and  521. 

**La  Harpe,  in  Hist.  Coll.  Lonisiana,  part  in,  p.  106. 

\\ History  of  lA)H%siana,  vol.  ii,pp,  211  and  188. 
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a  chief  died,  these  people  demolished  the  cabin  in  which  he  had  lived, 
and  raised  a  new  mound,  upon  which  they  placed  the  dwelling  of  his 
successor,  as  it  was  not  customary  for  a  chief  to  lodge  in  a  house  that 
had  been  previously  occupied.* 

Whether  the  Natchez  erected  the  immense  works  found  on  the  Wash- 
ita Eiver,  near  the  outlet  of  Lake  Catahoula,  is  a  i)oint  about  which 
opinions  may  well  differ.  That  they  took  refuge  in  the  immediate 
neighborhood  of  these  works,  if  not  on  their  very  site,  after  the  de- 
struction of  their  village  on  the  Mississippi,  and  **  built  a  fort,"  accord- 
ing to  Du  Pratz,  or  "  fortified  themselves,"  as  Charlevoix  states,  is  be- 
yond question;  but  Judge  Force,t  who  has  examined  into  the  matter 
very  thoroughly,  is  of  the  opinion  that  they  were  not  permitted  to  hold 
this  position  long  enough  to  have  constructed  works  of  the  size  of  those 
found  here.  In  this  he  is  believed  to  be  correct,  though  of  course  it 
would  all  depend  ui)on  the  number  of  those  who  had  sought  refuge  on 
this  spot,  and  the  earnestness  with  which  they  worked.  As  some  in- 
dication of  the  time  necessary  to  the  erection  of  works  of  this  charac- 
ter, the  following  fact,  for  which  I  am  indebted  to  Lieut.  Commander 
A.  R.  McNair,  U.  8.  Navy,  will  be  of  interest.  According  to  that  gen- 
tleman, upon  one  occasion  in  1863,  when  coaling  at  the  island  of  St. 
Tliomas,  150  negro  laborers  easily  brought  on  board  of  the  Powhatan, 
in  twelve  hours,  100  tons  of  coal,  using  only  baskets  for  that  purpose. 
Allowing  40  cubic  feet  to  the  ton,  this  would  give  a  cube  of  coal,  measui*- 
ing  20  X  20  X  10  feet,  moved  m  one  day  by  150  men ;  and  with  this  as 
the  basis  for  a  calculation,  it  will  be  seen  that  the  length  of  time  abso- 
lutely necessary  to  the  construction  of  these  works  is  not  so  great  as 
might  be  supposed.]:    However,  this  is  a  point  upon  which  it  is  need- 


*  Father  Le  Petit,  quoted  in  IJiat.  Coll.  Loumana^  part  in,  note  to  p.  142. 

\S(nne  considerations  on  the  Mound-builders ,  p.  77,  and  note  B:  Pamphlet,  1873. 
Stoddard,  Sketches  of  Louisiana,  p.  350,  speaking  of  the  size  of  these  works,  says : 
'^Not  less  than  five  remarkable  mounts  are  situated  ne^r  the  junction  of  the  Washita, 
Acatahoula,  and  Tenza,  in  an  alluvial  soil.  They  are  all  inclosed  in  an  enbankment 
or  wall  of  earth,  at  this  time  10  feet  high,  which  contains  about  200  acres  of  land. 
Four  of  these  mounts  are  nearly  of  equal  dimensions,  about  20  feet  high,  100  broad, 
and  300  long.  The  fifth  seems  to  have  been  designed  for  a  tower  or  turret ;  the  base 
of  it  covers  an  acre  of  ground;  it  rises  by  two  stages  or  steps;  its  circumference 
gradually  diminishes  as  it  ascends;  its  summit  is  crowned  by  a  flattened  cone.  By 
admeasurement,  the  height  of  this  tower  is  found  to  be  80  feet. 

t  Strongly  confirmatory  of  this  view  is  the  following  extract  from  Isaac  McCoy's 
History  of  the  Baptist  Indian  Missions,  etc, j -p,  21 1  **  A  little  reflection  will  show 
that  the  amount  of  labour  required  in  their  erection  did  not  surpass  the  common  in- 
dustry of  the  savages.  Suppose  a  mound  to  be  40  feet  in  diameter  at  its  base,  and 
to  rise  by  steps,  1  foot  in  height  and  a  foot  and  a  half  in  depth,  to  the  height  of  13  feet, 
with  a  level  surface  on  the  summit  4  feet  in  diameter.  It  would  contain  about  6,233 
cubic  feet  of  earth,  or  a  fraction  less  than  231  cubic  yards.  To  deposite  on  the  mound 
1  cubic  yard  of  earth  would  be  a  moderate  day's  labour  for  1  man.  Therefore,  the 
erection  of  the  mound  under  consideration  would  employ  231  persons  one  day  only. 
Among  the  Indians,  the  women  would  perform  as  much  of  this  kind  of  work  as  the 
men,  or  perhaps  more,  and  more  than  twice  this  number  of  persons  able  to  labour 
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less  to  insist,  as  the  evideDce  is  quite  sufficient  to  show  that  the  Xatchez 
did  build  both  mounds  and  earth- works.  Dii  Pratz  states  the  fact  posi- 
tively,* and  although  it  can  not  be  proved  that  they  threw  up  tbe  em- 
bankment and  other  works  on  the  Wachita,  yet  there  is  unquestion- 
able authority  for  the  statement  that  a  short  time  after  the  destmction 
of  their  stronghold  here  by  the  French  under  Perier,  a  band  of  them^ 
which  had  managed  to  escape  the  general  ruin,  made  an  attack  upon 
the  post  of  If atcliitoches,  during  the  course  of  which  they  were  driven 
back,  and  obliged  to  "dig  a  kind  of  entrenchment  on  the  plain.'^t 

Among  the  Creeks  and  their  allies,  even  as  late  as  1773-^75,  we  are 
told  that  almost  every  town  had  a  "chunk  yard,''  surrounded  by  one  or 
two  low  embankments  or  terraces,  in  the  center  of  which,  on  a  low  cir- 
cular mound  or  eminence,  stood  a  four-square  pole  or  pillar,  30  or  40 
feet  high,  to  the  top  of  which  was  fastened  some  object  that  served  as 
a  mark  to  shoot  at,  with  arrows  or  the  rifle,  at  certain  appointed  times. 
At  one  end  of  this  yard,  which^was  usually  from  600  to  900  feet  in 
length  and  of  proportionate  breadth,  was  a  square  terrace  or  eminence 
9  or  10  feet  high,  "upon  which  stood  the  public  square,"  and  at  the 
other  extremity  was  a  circular  mound  of  about  the  same  height,  which 
served  as  a  site  for  their  rotunda  or  winter  council  house4    The  Chero- 
kees  too,  as  we  have  seen,  utilized  this  class  of  mounds  in  much  the  same 
manner,  the  council  house  in  their  town  of  Cowe,  according  to  the  same 
author,  occupying  the  summit  of  one  that  was  said  to  havebe^n  20  feet 
high.    If  now  we  compare  the  method  of  laying  out  these  towns,  and 
building  the  temples  and  council  houses  of  these  later  Indians  with  that 
described  by  La  Vega,  as  having  been  followed  by  their  ancestors  a  cen- 
tury and  a  half  earlier,  it  will  be  seen  that  the  resemblance  is  very  great; 
and  although  we  are  sometimes  assured  that  the  modern  Creeks  and 
Cherokees  could  give  no  account  of  the  origin  or  purpose  of  the«e  earthen 
structures,  yet  there  can  be  no  doubt  that  in  Bartram's  time  these 

are  frequently  at  one  village  or  one  encampment.  ...  Within  the  Indian 
Territory  we  have  94,000  inhabitants;  one-fifth  of  these,  or  more,  are  competent  to 
labour.  This  gives  18,800  labourers;  if  each  of  these  would,  in  the  course  of  twelve 
months,  bestow  only  as  much  labour  on  the  erection  of  mounds  as  would  amount 
to  one  day,  81  mounds  would  be  built  in  one  year."    Washington  and  New  York,  1840. 

*  Besides  the  statements  quoted  in  the  text,  he  says :  **  Le  pied  des  pieux  est  appny^ 
en  dedans  par  une  banquette  de  trois  pieds  do  laarge,  and  autant  do  haut,  laquelle 
est  elle-mSme  appny6e  de  piquets  frett^  de  brancages  verds,  i>our  retenir  la  terre 
qui  est  dans  cctte  banquette : "  Hisioire  de  In  Louisianey  vol.  ii,  p.  435 :  Paris,  1758. 

tDumont,  Mimoires  Historiques  de  la  Louitdane^  tome  ii,  p.  200,  says  **Crenserent 
dans  la  plame  une  esp^ce  do  retranchement  oii  ils  se  fortifierent.'*  Charlevoix 
{Naurelle  France,  vol.  iv,  p.  293)  uses  the  word  "retranch<58.'* 

tBartram,  MSS.  published  in  Anc.  Mon.  Miss.  Valley ^  p.  121.  Adair,  /.  c,  p.  421, 
tells  ns  that  "every  town  has  a  large  edifice,  which,  with  propriety,  may  be  called 
the  mountain  house.  •  -  -  It  is  usually  built  on  the  top  of  a  hill ;  and  in  that 
separate  and  imperial  statehouse  the  old  beloved  men  and  head  warriors  meet  on 
material  business,  or  to  divert  themselves,  and  feast  and  dance  with  the  rest  of  the 
people." 


Digitized  by  VjOOQ IC 


THE  MOUNDS  OP  THE  MISSISSIPPI  VALLEY.  587 

tribes  lived  much  as  their  fathers  had  done  before  them;  and  if  they 
did  not  build  the  mounds  and  chunk  yards  found  in  their  midst  they, 
at  least,  used  them  for  the  same  purposes  for  which  they  were  origin- 
ally erected.* 

Inclosures, — Of  the  manner  in  which  the  nations  east  of  the  Missis- 
sippi fortified  their  villages  our  accounts  are  full  and  explicit.  Pali- 
sades, as  has  been  shown,  were  employed  everywhere;  but  as  this  term, 
alone,  fails  to  give  an  adequate  idea  of  the  methods  by  which  the 
Indians  were  accustomed  to  defend  their  more  exposed  villages,  it 
may  be  well  to  go  Into  the  matter  somewhat  in  detail.  To  this  end  it 
will  be  necessary  again  to  resort  to  the  early  chroniclers;  and  although 
this  may  prove  tedious,  yet  it  is  unavoidable,  as  it  is  only  by  a  study  of 
the  manner  of  fortification  practiced  by  the  recent  Indians  that  a  clue 
can  be  found  to  the  mystery  that  surrounds  the  Ohio  system  of  earth- 
works, to  which  we  now  must  refer.  Of  the  origin  of  these  we  are 
without  any  written  record  whatever  unless  the  traditions  of  the  Dela- 
wares,  Iroquois,  and  Natchez,  as  related  by  Heckewelder,  Rafinesque, 
Cusick,  and  Du  Pratz,t  should  be  accepted  as  such.  This  is  of  course 
rather  a  serious  obstacle  to  be  met  with  at  the  outset  of  an  investiga- 
tion; but  fortunately,  in  the  present  instance  we  have  not  far  to  go 
in  order  to  discover  a  reason  for  the  seeming  omission.  It  may  be 
found  in  the  fact  that  after  the  destruction  of  the  Eries,  say  about  the 
middle  of  the  seventeenth  century,  the  whole  of  that  region  now  known 
as  the  States  of  Ohio  and  Indiana  was  virtually  deserted,  and  so  re- 
mained for  upwards  of  fifty  years.  Iroquois  war  parties  swept  undis- 
turbed from  the  Niagara  River  to  the  Illinois,  and  whilst  there  may 
have  been  villages  of  the  Twightwees  (Miamis)  and  their  allies  scat- 
tered about  here  and  there,  yet  practicaDy  that  whole  section  of 
country  was  a  solitude,  unvisited  by  the  trader,  the  soldier,  and  the 
no  less  venturesome  missionary,  the  only  persons  who  could,  in  those 
early  days,  have  given  us  an  account  of  what  they  saw  and  heard. 

Of  the  tribes  that  may  possibly  once  have  lived  here,  the  Shawnees  j: 


*  fiartram,  TrareUy  etc.,  p.  520. 

t  For  the  traditions  of  the  Delawares  cousult  chap,  v  of  The  AmetHcan  Nation$f  by 
Prof.  C.  S.  Rafinesque:  Philadelphia,  1836.  Du  Pratz,  vol.  n,  p.  146  (London,  1763), 
speaking  of  the  Natchez,  says:  "To  give  an  idea  of  their  power  I  shall  only  mention 
that  formerly  they  extended  from  the  river  Manchac  or  Iberville,  which  is  about  50 
leagues  from  the  sea,  to  the  river  Wabash,  which  is  distaut  from  the  sea  about  460 
leagues;  and  that  they  had  about  500  suns  or  princes.  From  these  facts  we  may 
judge  how  populous  this  nation  formerly  has  been;  but  the  pride  of  their  ^reai  suns 
or  sovereigns,  and  likewise  of  their  inferior  suns,  joined  to  the  prejudices  of  the 
people,  has  made  greater  havoc  among  them  and  contributed  more  to  their  destruc- 
tion than  long  and  bloody  wars  would  have  done.''  In  the  above  extract  he  refers 
to  the  practice  of  human  sacrifices  upon  the  occasion  of  the  death  of  any  of  the  suns 
or  chiefs. 

t  "The  countries  and  rivers  of  Ohio  and  Wabascheand  circunyaceut  territory  were 
inhabited  by  our  Indians,  the  Chaouanous,  Miamis,  and  Illinois:"  Memoir  sent  by 
the  King  to  Mr.  DenonviUe,  Gov.  Gen.  of  New  France,  in  Hist,  Coll,  of  Louisiana, 
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were  now  a  broken  and  a  scattered  people,  and  the  Miamis  had  been 
forced  back  nntil  we  find  them  seeking  shelter  under  the  gnns  of  the 
French  fort  on  the  Illinois.*  Such  then  being  the  condition  of  affiEurs 
throughout  this  portion  of  the  Ohio  Valley  during  the  latter  part  of  the 
seventeenth  and  the  beginning  of  the  eighteenth  centuries,  there  was 
nothing  to  lempt  the  trader,  or  attract  the  missionary;  and  hence  the 
absence  of  all  mention  of  this  region,  save  in  the  occasional  notices  of 
an  Iroquois  foray,  or  of  the  spasmodic  attempts  of  their  enemies  at 
retaliation.  Later  on,  about  the  middle  of  the  last  century,  the  above- 
mentioned  tribes  are  found  once  more  established  within  this  region, 
having  apparently  retraced  their  steps.  The  Miamis  are  in  western 
Ohio  and  northern  Indiana,  and  the  Shawnees  of  the  Delaware^  having 
been  driven  across  the  mountains,  re-unite  with  their  kindred  from 
Georgia,  and  are  settled  in  the  valley  of  the  Scioto,  where  singularly 
enough  their  villages  are  in  the  immediate  neighborhood,  if  they  do 
not  occupy  the  very  sites,  of  the  famous  mound  centers  of  Ohillicothe 
and  Portsmouth.!  Indeed,  we  are  told  that  about  A.  d.  1750,  at  this 
latter  point,  their  village  was  situated  on  both  sides  of  the  Ohio  River,f 
just  as  is  the  case  with  the  mounds  and  embankments  found  there 
to-day. 

Of  course  it  is  not  pretended  that  all  the  works  in  these  valleys  were 
erected  subsequent  to  this  date,  and  it  is  quite  probable  that  not  one  of 
those  of  large  size  was,  but  that  some  of  them  were  built  after  the  arrival 
of  the  whites,  a  hundred  and  fifty  or  two  hundred  years  earlier,  is 
proved  by  the  contents  of  mounds  opened  at  Circleville  and  Marietta; 
and  that  these  same  Indians,  or  their  immediate  descendants,  have 
within  comparatively  recent  times  ^^encompassed  their  villages  with 
ditches  and  walls,"  as  well  as  palisades,  is  evident  from  the  account 


new  series,  1876,  p.  137.  **Fonnerly,  divers  nations  dwelt  on  this  river" — ^Hohio— 
'*  as  the  Chawanoes  (Shawanees),  a  mighty  and  very  populous  people,  who  had  above 
fifty  towns,  -  -  -  who  were  totally  destroyed  or  driven  out  of  their  country  by 
the  Irocois,  this  river  being  their  usual  road  when  they  make  war  upon  the  nations 
who  lie  to  the  South  or  to  the  West:"  Coxe's  Carolina,  in  Hist.  Coll.  Louimana, 
part  II,  p.  229.  For  an  account  of  all  that  is  known  historically  of  the  wanderings 
of  the  Shawnees,  see  Judge  M.  F.  Force,  Some  Early  Notices  of  the  Indians  of  Ohio: 
Pamphlet,  Cincinnati,  1879. 

•Tonti,  in  Hist.  ("all.  Lonisianoy  part  I,  p.  66.  "The  Iroquois,  after  expelling  the 
Hurons  and  exterminating  the  Eries^  who  inhabited  the  country  bordering  on  the 
Great  Lakes,  which  now  bear  their  names,  events  which  happened  about  the  years 
1650  to  1660,  took  possession  of  their  vast  territory,  and  retained  it  for  more  than  a 
century  after.  Their  hunting  country,  which  they  once  occupied,  is  now  embraced 
in  the  State  of  Ohio,  and  while  in  their  possession  was  called  Carrahagne:"  Appen- 
dix to  Morse's  Keport,  p.  60.  At  the  treaty  of  Fort  Stanwix,  in  1768,  they  sold  all 
that  region  of  country  now  known  as  the  8tate  of  Kentucky,  claiming  it  by  right  of 
conquest:  See  Butler's  Kentucky,  p.  378:  Louisville,  1834. 

f  Schoolcraft,  Indian  IVibes,  vol.  vi,  p.  277.  Croghan,  Journal,  in  Appendix  to 
Butler's  Hist,  of  Kentucky,  p.  462 :  Cincinnati,  1836. 

t  Christopher  Gist's  Journal,  in  Appendix  to  PownalFs  Topographical  Descriptiim^ 
p.  10:  Loudon,  1776.    See  also  Croghan's  Journal, 
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Schoolcraft  has  left  us  of  his  visit  to  Prophetstown,  on  the  Tippe- 
canoe, and  to  the  sites  of  other  Indian  villages  in  Indiana  and  Illinois.* 
These  facts  are  undoubtedly  of  importance  in  indicating  the  phase  of 
civilization  that  had  been  reached  by  the  builders  of  some — perhaps 
the  smaller  and  more  recent — of  these  works;  but  they  do  not  enable 
us  to  connect  even  inferentially  those  of  the  larger  size  with  any  par- 
ticular tribe,  owing  to  the  fact  that  there  was  such  a  long  interval  of 
time,  when  Ohio,  so  far  as  we  know,  was  virtually  uninhabited.  If  it 
were  possible  to  show  that  previous  to  the  settlement  of  the  Iroquois  in 
western  New  York  a  Shawnee  confederacy  had  occupied  the  Ohio 
Valley,  as  Rafinesquet  so  confidently  asserts,  our  task  would  be  much 
simplifled.  It  would  then  be  apparent  that  in  returning  here  these 
people  were  but  reoccupying  their  old  homes  and  hunting  grounds ;  and 
as  they  can  be  shown  to  have  defended  themselves  within  compara- 
tively recent  times  behind  ditches  and  breast- works,  |  and  as  they  must 
from  the  necessities  of  the  case  have  erected  all  the  mounds  that  were 
built  within  that  region  subsequent  to  the  landing  of  the  whites,  there 
would  certainly  be  nothing  forced  or  illogical  in  the  inference  that  they 
had  constructed  the  older  and  larger  series  of  works  during  the  palmy 
days  of  their  confederacy,  some  hundreds  of  years  before  the  time  of 
which  we  are  now  speaking.  Unfortunately  however  Bafinesque  fails  to 
make  good  his  statement;  and  though  the  evidence,  drawn-from  other 
sources,  bearing  upon  this  point  is  sufficient  to  furnish  the  basis  for  a 
very  plausible  theory,  yet  it  does  not  afford  a  satisfactory  foundation 
for  an  inductive  argument,  and  hence  it  is  altogether  omitted. 

For  these  reasons,  then,  we  are  without  any  historical  evidence  as  to 
the  origin  of  the  works  in  the  northern  part  of  the  Ohio  Valley,  and 
as  there  is  no  probability  that  any  will  ever  be  discovered,  we  are 
obliged  to  fall  back  upon  the  comparative  method  in  order  to  see 
whether  there  are  any  such  differences  between  the  hill  forts  and  forti- 
fied villages  of  southern  Ohio  and  those  found  in  western  New  York 
and  in  some  of  the  Southern  States  as  would  authorize  the  inference 
that  they  were  the  work  of  a  people  in  a  diflerent  stage  of  civilization. 

Beginning  with  the  "forts,''  as  Governor  DeWitt  Clinton  §  calls  them, 
of  western  New  York,  we  are  told  that  they  were  generally  speaking 
erected  upon  the  most  commanding  ground,  and  were  surrounded, 

*  Schoolcrafty  TraveU  in  Central  Portion  of  the  Mississippi  Valley y  pp.  129,  323. 

tRefinesque,  Ancient  Annals  of  Kentucky ^  p,  25:  Frankfort,  1824. 

X  Gist,  in  p.  12  of  the  Appendix  to  PownaU's  Topographical  Description  of  Parts 
of  North  AmerUMf  London,  1776,  speaks  of  a  **  fort"  of  the  Twightwees;  and  Cro- 
ghan,  in  1765,  fonnd  a  ''breastwork"  near  the  month  of  the  Wabash,  which,  in  one 
account,  is  "supposed"  to  have  been  erected  by  the  Indians ;  but  in  another  the 
fact  is  stated  positivelj\ 

$  This  account  is  made  up  from  Clinton's  Discourse  in  Collections  of  the  N.  Y, 
Eist.  SoCf  vol.  II,  p.  90;  Squier,  Ahoriffinal  Monuments  of  Neto  York;  Moulton,  History 
of  New  York,  vol.  i,  part  i;  Clark's  Onondaga,  etc.,  etc. 
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either  wholly  or  in  part,  by  ditches  and  earthen  walls.  The  jnlisades 
tjhat  once  stood  on  some  of  these  embankments*  had  loug  since  rotted 
away,  and  iu  their  places  were  growing  oak  trees  which,  fi^om  the 
number  of  concentric  circles,  must  have  been  three  hundred  years  old; 
and  there  were  evident  indications,  not  only  that  they  had  sprung  up 
since  the  erection  of  these  works,  but  that  they  were  at  least  a  second 
growth.  The  trenches  were,  in  some  cases,  deep  and  wide,  and  in 
others  shallow  and  narrow ;  and  the  breastworks  varied  in  height  firom 
3  to  10  feet.  In  one  case  near  Elmira  they  are  said  to  have  been  14 
feet  wide  at  the  base.t  There  were  one  or  more  entrances  to  these 
forts,  from  one  of  which  a  "covered  way"  sometimes  led  to  the  water.  J 
The  form  of  these  inclosures  was  determined  by  the  nature  of  the 
ground;  and  in  area  they  varied  from  2  to  6  acres,  though  occasionaUy 
they  were  much  larger,  as,  for  instance,  the  one  near  Livonia,  N.  Y., 
which  contained  16  acres,§  and  the  one  14  miles  from  Sacketts  Harbor, 
which,  according  to  Moulton,  "covers  50  acres.'^H  That  they  were 
very  numerous  is  evident  from  Squier's  estimate,  placing  them  at  from 
200  to  250;^  and  as  they  seem  to  have  made  up  in  number  what  they 
lacked  in  size,  it  is  equally  evident  that  taken  iu  mass  the  amount  of 
labor  involved  in  their  construction  must  have  been  immense.  It  would 
be  a  grave  mistake  however  to  regard  this  as  a  measure  of  the  popu- 
lousness  of>  this  region,  since  it  probably  resulted  from  the  custom  of 
the  Indians  of  changing  their  village  sites  every  "  ten,  fifteen,  or  thirty 
years,"  or  in  fact  whenever  the  scarcity  of  fire- wood,  the  exhaustion  of 
their  fields,  or  the  prevalence  of  an  epidemic  made  such  a  step  desir- 
able.** 

This  is  a  brief  general  description  of  these  inclosures  as  they  appear 
to-day;  and  if  we  compare  thein  with  the  "  defensive  works"  as  depicted 
in  Ancient  Monuments  of  the  Mississippi  Valley,  it  will  be  seen  that 
they  are  very  like  those  along  the  southern  shore  of  Lake  Erie,  as  well 
as  the  smaUestof  those  in  the  Ohio  Valley;  and  that  they  do  not 
differ,  except  in  size,  from  those  found  in  the  same  valley,  which  are 
usually  ascribed  to  the  mound-builders.  In  situation,  form,  and  struc- 
ture they  are  the  same,  and  as  both  were  covered  with  heavy  forests, 
there  can  be  no  difference  urged  between  them  upon  the  score  of  antiq- 

•  MSS.  of  Prof.  E.  N.  Horsford  in  Ahor.  Mon,  of  New  York,  p.  38. 

t  Abar,  Man.  of  New  York,  p.  38. 

t  Kirkland  MSS.  qaoted  ia  Moulton,  New  York,  pp.  16  and  17.  Id  one  cose  he 
speaks  of  a  ''covered  way  in  the  middle  of  a  stockade  down  to  the  water;''  in  the 
other  he  says,  "a  way  was  dug  to  the  water.*' 

J  Ahor,  Mon,  of  Nav  York,  p.  44. 

II  L  c,  p.  15. 

%  Ahor,  Mon,  of  Ne\o  York,  p.  11.  Compare  Moulton,  p.  18,  who  says  that  on  the 
south  side  of  Lake  Erie,  for  a  distance  of  50  miles,  ''  is  a  series  of  old  fortifications, 
some  of  which  are  from  2  to  4  mile:s  apart,  others  half  a  mile  only." 

**Sagard,  Voyage  dee  Huronsj  tome  i,  p.  81:  Paris,  1865.  La  Vega,  i,  p.  265: 
Paris,  1709. 
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uity.  The  relics,  too— especially  the  implements  and  ornaments  of  stone, 
bone,  and  shell — that  are  fonnd  under  similar  circamstaiices  within  or 
near  these  two  series  of  works  are  identical  in  form  and  finish ;  and  the 
best  specimens  of  the  Iroqnois  black  pottery,  described  by  Morgan*  as 
being  of  various  designs  and  sizes,  and  of  such  ^^  fine  texture  as  to  ad- 
mit a  tolerable  polish,  and  so  firm  as  to  have  the  appearance  of  stone," 
can  not  have  been  very  different  from  the  same  class  of  articles  that 
have  been  taken  from  the  mounds  in  the  Ohio  Valley.  Indeed  Mr. 
Squier  t  says  that  the  terra  cottas  of  western  New  York  compare  favor- 
ably with  anything  he  had  yet  seen  of  native  workmanship;  and  that 
the  earthen  pipes,  said  by  Morgan  to  be  nearly  as  hard  as  marble,  fan- 
cifully molded  in  the  form  of  animals  and  of  the  human  head,  are  so 
<<hard,  smooth,  and  symmetrical  as  almost  to  induce  doubts  of  their 
aboriginal  origin.'' 

in  view  of  these  manifold  resemblances,  too  numerous  and  too  close 
to  have  been  the  result  of  accident,  it  behooves  us  to  inquire  into  the 
origin  of  the  earth-works  in  western  New  York.  According  to  Mr. 
Squier  t  they  were,  one  and  all — mounds  as  well  as  embankments — 
"erected  by  the  Iroquois  or  their  western  neighbors;"  and  he  bases 
this  opinion  upon  a  comparison  of  the  "relics  and  traces  of  occupancy" 
that  are  found  within  these  abandoned  inclosures  with  those  which 
mark  the  sites  of  towns  and  forts  that  are  known  to  have  been  occu- 
pied by  the  recent  Indians.  These  he  declares  to  be  identical,  as  is 
also  their  pottery,  whilst  their  pipes  and  ornaments  are  said  to  be  in- 
distinguishable. "  The  indications  of  aboriginal  dwellings  are  precisely 
similar,  and,  so  far  as  can  be  discovered,  have  equal  claim  to  antiquity. 
Near  many  of  these  works  are  found  cemeteries,  in  which  well-preserved 
skeletons  are  contained,  and  which,  except  in  the  absence  of  European 

*  League  of  the  Iroquois ,  p.  354.  The  Indians  everywhere  east  of  the  MiaBiasippi 
and  Boath  of  the  lakes  had  made  great  progress  in  the  manuiaetiire  of  earthenware. 
Thus  we  are  told  that  'Hhe  Roanoke  Indiana  hare  earthen  pots,  large,  white,  and 
sweet:"  Hakluyt's  Voyages,  iii,  p.  304.  The  Creeks,  Chickasaws,  etc.,  ^'niake 
earthen  pots  of  very  different  sizes,  so  as  to  contain  from  2  to  10  gallons ;  large 
pitchers  to  carry-  water;  howls,  dishes,  platters,  basins,  and  a  prodigious  number 
of  other  vessels  of  such  antiquated  forms  as  would  be  tedious  to  describe  and  impos- 
sible to  name.  Their  method  of  glazing  them  is,  they  place  them  over  a  large  fire 
of  smoky  pitch  pine,  which  makes  them  smooth,  black,  and  firm:"  Adair,  p.  425. 
Among  the  Natchez  these  vessels  were  "d^un  assez  beau  rouge:"  Du  Pratz,  ii,  p. 
179:  Paris,  1758.  **  The  Naudowessies  make  black  pottery  nearly  as  hard  as  iron:" 
Carver,  pp.  101-223.  West  of  the  Mississippi,  at  Naguatex,  there  are  vessels  made  of 
clay  which  differ  very  little  from  those  of  Estremoz  and  Montremor:"  Knight  of 
Elvas  in  Hist,  Coll,  Louisiana^  part  ii,  p.  201.  In  Ancient  Society,  note  to  p.  530. 
Morgan,  on  the  authority  of  Mr.  F.  A.  Cushing,  tells  us  that  ''the  Iroquois  orna- 
mented their  jars  and  pipes  with  miuature  human  faces  attached  as  buttons;"  and 
as  this  style  of  ornamentation  is  believed  to  be  somewhat  unusual,  it  may  be  well 
to  say  that,  in  the  Peabody  Museum  at  Cambridge,  there  are  several  howls  of  black 
pottery,  from  stone  graves  in  Tennessee,  which  are  ornamented  in  this  manner. 

t  Ahor.  Mon,  of  New  York,  p.  13  and  chapt.  v, 

tl  c,  p.  82. 
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art,  differ  in  no  essential  respect  from  the  cemeteries  found  in  connec- 
tion with  the  deserted  modem  towns  and  '  castles '  of  the  Indians." 
This  is  certainly  a  very  strong  statement  of  the  case,  and  if  we  add 
that  the  Huron-Iroquois  were  accustomed  to  fortify  their  forts  or  castles 
with  a  ditch  and  wall,  the  latter  surmounted  by  a  stockade,  it  will  be 
seen  that  Mr.  Squier  had  good  and  sufficient  reasons  for  attributing  all 
these  works  to  the  recent  Indians.  Indeed,  now  that  the  palisades 
that  once  inclosed  the  villages  known  to  have  been  occupied  by  the 
Iroquois  have  rotted  away,  there  is  no  structural  difference  to  be  seen 
between  them  and  any  of  the  earthworks  of  western  New  York;  and 
as  these,  in  their  turn,  are  identical  in  this  respect  with  the  hill  forts 
of  the  Ohio  Valley,  it  must  follow,  if  the  Iroquois  or  their  western 
neighbors  erected  the  New  York  series  of  these  works,  that  there  is 
no  reason  why  these  same  western  neighbors,  or  a  x>^pl6  ii^  the  same 
stage  of  civilization,  could  not  have  built  those  in  Ohio  and  still  fur- 
ther to  the  west,  due  regard  being  had  to  their  population  and  to  the 
necessity  for  such  defenses.  Thus  for  instance  whilst  a  weak  or 
peacefal  tribe,  in  the  midst  of  enemies,  would  find  it  necessary  to 
fortify  themselves  at  every  point,  a  strong  and  warlike  people,  of  whom 
their  neighbors  stood  in  awe,  would  be  relieved  of  this  necessity,  ex- 
cept in  the  direction  from  which  they  anticipated  danger.  This  was 
forcibly  exemplified  in  the  case  of  the  Iroquois,*  when  in  the  heyday  of 
their  power;  and  it  may  still  be  seen  in  New  Mexico,  where  the  Pueblo 
of  Taos  is,  or  was  until  very  lately,  "surrounded  by  an  adobe  wall, 
strengthened  in  some  pla<;e8  by  rough  palisades,"!  whilst  their  more 
warlike  neighbors,  like  the  Apache  and  the  Navajo,  have  not  found 
such  defenses  necessary  or  even  desirable. 

Of  the  method  practiced  by  the  Huron-Iroquois  of  fortifying  their 
villages,  our  accounts  are  very  full  and  explicit.  Parkman,}  whom  it  is 
safe  to  follow,  in  an  admirable  sketch  of  the  Hurons,  tells  us  that  the 
defenses  of  this  family  of  tribes,  "  like  their  dwellings,  were,  in  essential 
points,  alike.  A  situation  was  chosen  favorable  to  defense — ^the  bank 
of  a  lake,  the  crown  of  a  diflScult  hill,  or  a  high  point  of  land  in  the  fork 
of  confluent  streams.  A  ditch  several  feet  deep  was  dug  around  the  vil- 
lage, and  theearth  thrown  up  on  the  inside.  Trees  were  then  felled  by  an 
alternate  process  of  burning,  and  hacking  the  burnt  part  with  stone 
hatchets,  and  by  similar  means  were  cut  into  lengths  to  form  palisades. 
These  were  planted  on  the  embankment  in  one,  two,  three,  or  four  con- 
centric rows,"  the  whole  being  crossed  and  interlaced  after  the  manner  of 
achevaux-defrise,  and  lined  within  to  the  height  of  a  man  with  heavy 
sheets  of  bark.    At  the  top,  where  the  palisades  crossed,  was  a  gaUery 


•  Morgan,  p.  314. 

t Bancroft,  Xaiive  Races  of  the  Pacifies  StateSf  vol.  I,  p.  664. 

tJesuiU  in  America^  p.  xxix  of  the  Introduction :  Boston,  1874.  Compare  Morgan, 
p.  314;  Lafitau,  vol.  ii,  pp.  3  et  seq.;  Sagard,  Voyage  des  Hurons,  pp.  79-80:  Paris, 
1856. 
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of  timber  for  the  defenders,  together  with  wooden  gutters,  by  which 
streams  of  water  could  be  poured  down  on  fires  kindled  by  the  enemy. 
There  was  no  mathematical  regularity  in  these  works,  their  form  being 
determined  by  the  nature  of  the  ground.  Frequently  a  precipice  or 
river  suflBc^l  for  partial  defense,  and  the  line  of  embankment  occurs 
only  on  the  exposed  sides.  We  are  also  told  that  in  erecting  these 
works  it  was  probable  that  the  palisades  were  planted  first,  and  the 
earth  afterwards  heaped  on  both  sides  in  the  manner  described  by 
Cusick  •  and  La  Hontan.t  At  an  early  day  the  Jesuits  taught  the 
Hurons  to  build  rectangular  palisaded  forts  with  bastions,  and  the 
Iroquois,  whose  forts  are  said  to  have  been  stronger  and  more  elaborate 
than  those  of  the  Hurons,  soon  adopted  the  same  practice,  omitting,  in 
some  cases,  the  ditch  and  the  embankment.  Among  the  Algonquin 
tribes  of  southeastern  New  York  a  similar  method  of  fortification  seems 
to  have  prevailed.  According  to  Van  der  Donck,  t  the  Indians  of  New 
Netherlands,  "  in  their  villages  and  castles  always  build  firm,  strong 
works.  They  usually  select  a  situation  on  the  side  of  a  steep,  high  hill, 
near  a  stream  or  river,  which  is  difficult  of  access  except  from  the  water, 
and  inaccessible  on  every  other  side,  with  a  level  plain  on  the  crown 
of  the  hill,  which  they  inclose  with  a  strong  stockade  in  a  singular 
manner.  First  they  lay  along  on  the  ground  large  logs  of  wood,  and 
frequently  smaller  logs  upon  the  lower  logs,  which  serve  for  the  founda- 
tion of  the  work.  Then  they  place  strong  oak  palisades  in  the  ground 
on  both  sides  of  the  foundation,  the  upper  ends  of  which  cross  each 
other,  and  are  joined  together.  In  the  upper  cross  of  the  palisade 
they  then  place  the  bodies  of  trees,  which  makes  the  work  strong  and 
firm.  These  castles  are  considered  very  strong,  and  they  frequently 
contain  twenty  or  thirty  houses,  some  of  which,  by  actual  measurement, 
are  180  yards  (sic)  long,  and  about  20  feet  wide.  Besides  these  strong- 
holds they  have  other  villages  and  towns,  which  are  also  inclosed." 
The  Pequots  of  Connecticut  were  a  kindred  tribe,  and  Vincent,§  de- 
scribing their  fort  near  New  London,  says:  "Here  they  pitch,  close 
together  as  they  can,  young  trees  and  half  trees  as  thick  as  a  man's 
thigh  or  the  calf  of  his  leg.  Ten  or  twelve  foot  high  they  are  above  the 
ground,  and  within  rammed  3  foot  deep  with  banking,  the  earth 
being  cast  up  for  their  better  shelter  against  the  enemy's  discharge- 
ments."  A  fort  of  the  Narragansetts  is  said  to  have  had  an  exterior 
dit<5h,||  and  we  are  told  that  a  party  of  Mohegans,  having  invaded  Block 

*  In  vol.  V  of  Schoolcraft,  Indian  Tribes,  p.  637. 

t  Travels,  vol.  ii,  p.  67:  ''The  Harons  set  np  pales  and  fasten  them  with  earth/' 
''The  Indians  are  more  skillful  in  erecting  their  fortifications  than  in  building  their 
houses;  here  you  see  villages  surrounded  with  a  good  palisade  and  with  redoubts:" 
Charlevoix,  Letters,  ii,  p.  127 :  London,  1761. 

t  New  Netherlands,  p.  197. 

J  Mass,  Hist,  ColL,  third  series,  vol.  vi,  p.  39. 

II  Dwight's  Travels,  vol.  in,  p.  23:  New  Haven,  1822. 

H.  Mis.  334,  pt.  1 38 
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Island,  were  driven  to  a  high  bluff  and  starved  to  death,  though  not 
until  they  had  found  means  to  ^'  dig  a  trench  around  them,  toward  the 
land,  to  defend  them  from  the  arrows  of  their  enemies."  •  In  1637  the 
Algonquins,  living  at  Trois  Riviferes,  Canada,  being  alarmed  at  the 
rumor  of  an  Iroquois  attack,  strengthened  their  fort  by  erecting  a  sec- 
and  row  of  palisades,  distant  from  the  first  about  a  foot  and  a  half,  and 
tilling  the  intervening  space  with  fascines  and  earth,  t  According  to 
Charlevoix,  the  Outagamis  (Foxes),  in  1712,  made  an  attack  upon  the 
French  jwst  at  Detroit,  and  having  been  repulsed,  took  refuge  in  a  fort 
where  they  were  well  entrenched  {retranchis).  The  fire  upon  them,  how- 
ever, was  so  steady  that  they  were  obliged  to  get  into  a  ditch  4  or  6 
feet  deep  {se  mettre  a  quatre  o&  cinqpieds  en  terre).  Taking  advantage 
of  a  lull  in  the  firing,  they  made  themselves  masters  of  a  house  that 
was  left  standing  near  their  fort  and  raised  a  redoubt  {redoute),  {  Being 
eventually  driven  from  this  stronghold,  they  retired  to  a  peninsula  that 
jutted  into  the  lake,  where,  to  the  number  of  five  hundred  men  and 
three  thousand  women  and  children,  they  shut  themselves  up  in  a  fort, 
surrounded  by  "  three  rows  of  oak  palisades  with  a  deep  ditch  behind.^'  § 
Elsewhere,  as  we  have  seen,  tribes  in  Illinois  and  Indiana  belonging  to 
this  same  family  have  defended  themselves  in  a  similar  manner  within 
comparatively  recent  times;  and  in  the  narrative  of  Conrad  Wiser,  the 
interpreter,  we  are  told  of  a  place  in  Pennsylvania  where  "the  Indians, 
in  former  times,  had  a  strong  fortification  on  a  height.  It  was  sur- 
rounded by  a  deep  ditch ;  the  earth  was  thrown  up  in  the  shape  of  a 
wall,  about  9  or  10  feet  high,  and  as  many  broad.  But  it  is  now  (1741) 
in  decay,  as  from  appearance  it  had  been  deserted  beyond  the  memory 
of  man.''  || 

In  Virginia  the  Indians,  according  to  Capt.  Smith,  had  "  pallizadoed 
towns,  mantelled  with  the  barkes  of  trees,  with  scaffolds  like  mounts.''^ 
There  is  no  mention  of  a  ditch  or  of  an  embankment,  and  as  a  rule 
there  seems  to  have  been  but  one  row  of  palisades,  though  when  they 
would  be  very  safe  "  they  treble  the  pales.-'  Sometimes  they  "  encom- 
passed their  whole  town,  but  for  the  most  part  only  their  kings'  houses, 
and  as  many  others  as  they  judge  suflScient  to  harbor  all  their  people, 
when  the  enemy  comes  against  them."  ••  This  mode  of  defense  was  kept 
up  in  Carolina  until  the  final  expulsion  of  the  Indians,  as  we  are  told  that 
the  Tuscaroras  (1712-'13)  built  their  forts  in  this  manner,  and  upon  one 
occasion,  when  besieged  by  the  whites,  they  refused  to  surrender  until 

•  MoHs,  JIi»t.  Collf  third  series,  vol.  vi,  p.  197. 

t  Le  Jeune,  Relation^  1637,  p.  83.    In  the  original  it  reads:  ^*Ayeo  dessein  de  rem- 
plir  ce  vnide  do  fascines  et  de  terre." 
X  XourcUe  France^  vol.  iv,  pp.  97  and  98. 

$  Ibid.,  p.  i.'^e. 

n  Pnblished  in  vol.  iv,  Schoolcraft,  Indian  TriheSy  p.  326. 
51  Purchas  Pilrfrims,  vol.  iv,  p.  1715. 
••  Beverly,  book  iii,  p.  12. 
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cannon  were  planted  within  a  few  yards  of  their  walls.*  In  the  Stiites 
still  farther  to  the  south,  the  same  method  of  fortification  was  prac- 
ticed. Le  Moyne,  the  artist  of  Laudonni^re's  expedition,  gives  a  picture 
of  one  of  these  villages,  t  which  is  surrounded  by  a  single  row  of  pali- 
sades, twice  the  height  of  a  man,  set  close  together.  The  entrance  is 
narrow,  drawn  in  after  the  manner  of  a  snail  shell,  and  is  further  de- 
fended by  two  small  round  buildings,  with  slits  and  holes  for  observa- 
tion, something  like  an  old-fashioned  sentry  box. 

In  the  Gulf  States,  including  under  this  head  portions  of  Tennessee 
and  Arkansas,  the  Indians  have  been  in  the  habit  of  fortifying  their 
vilages  with  ditches  and  stockades  from  the  time  of  Do  Soto  down  to  the 
beginning  of  the  present  century.  As  late  as  1814  the  position  of  the 
Creeks,  at  the  battle  of  the  Horseshoe,  is  said  to  have  been  protected 
by  a  line  of  earth-works  from  6  to  8  feet  high,}  and  about  1735,  almost 
a  century  earlier,  the  Chickasaws  met  the  attack  of  Bienville  in  a 
stockaded  fort,  and  standing  waist  deep  in  a  ditch.§  Going  back  still 
further,  we  are  told  by  the  Portuguese  gentleman  ||  that  the  wall  around 
a  town  belonging  to  the  Cacique  of  Coja,  as  well  as  that  "of  others 
which  afterwards  we  saw,  was  of  great  posts  thrust  deep  into  the 
ground,  and  very  rough;  and  many  long  rails,  as  big  as  one's  arm,  laid 
across  between  them,  and  the  wall  was  about  the  height  of  a  lance,  and 
it  was  daubed  within  and  without  with  clay,  and  had  loopholes."  The 
town  of  Mauvila  was  situated  in  a  plain,  and  consisted  of  eighty  houses, 
the  smallest  of  which,  according  to  La  Vega,  might  contain  six  hundred 
persons.  It  was  surrounded  by  a  high  rampart,  palisaded  with  heavy 
beams  of  wood  planted  in  the  ground,  and  with  timbers  placed  cross- 
wise. The  vacant  places  were  filled  in  with  earth  mixed  with  straw, 
so  that  the  wall  looked  like  a  piece  of  masonry.  At  every  50  paces 
there  was  a  small  tower  with  loopholes  large  enough  to  hold  eight 
men  The  town  had  two  gates  and  a  large  square  in  the  middle,  which 
was  surrounded  by  the  principal  houses.1]  West  of  the  Mississippi 
was  the  village  of  Capaha,  which  is  said  to  have  consisted  of  five  hun- 
dred houses.    It  was  situated  on  a  little  hiU,  surrounded  by  a  ditch  10 


*  Martin,  Xorih  Carolinnj  vol.  i,  p.  251 :  Now  Orleans,  1829. 

t  De  Bry,  plate  xxx. 

t  Schoolcraft,  Indian  Tribes^  vol.  vi,  p.  372. 

$  Hiet,  Coll.  of  Louiaianay  part  ii,  p.  83 :  **  Surroanded  by  timber  1  cubic  foot  placed 
circularly  with  three  rows  of  loopholes ;  the  Chicachas  were  bedded  to  the  stomach  in 
the  earth/*  etc.  "A  large  viUage,  surrouuded  by  a  kind  of  wall  made  with  potter's 
clay  and  sand,  fortified  with  little  towers  at  intervals,  where  we  found  fastened  to 
a  post  the  arms  of  Spain  engraved  on  a  copper  plate,  dated  1588."  Cavelier  in  Shea's 
Early  Voyages,  p.  21,  Albany,  1861.  *'The  old  viUage  of  the  Akansea,  where  they 
formerly  received  the  late  Father  Marquette,  and  which  is  discernible  now  only  by 
the  outworks  (dehora),  there  being  no  cabins  left."  Father  Gravier  in  Shears  Early 
Voyages,  p.  126. 

^Hist.  ColL  of  Louiaianay  part  ii,  p.  153. 

%  La  Vega,  seconde  partie,  p.  19. 
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or  12  cubits  deep,  and  50  paces  wide  in  most  places,  and  m  others  only 
40.  This  ditch  was  kept  full  of  water  by  means  of  a  canal  that  had 
been  dug  from  the  town  to  the  river  Ghucagua.  The  canal  was  3 
leagues  long,  a  pike's  length  at  least  in  depth,  and  so  broad  that  two 
large  boats  could  navigate  it  side  by  side.  The  fosse,  filled  by  this 
canal,  surrounds  the  city  except  in  one  place,  which  is  closed  by  heavy 
posts  planted  in  the  ground,  and  fastened  by  means  of  others  placed 
crosswise,  the  whole  being  covered  with  earth  and  straw.  Within  this 
town  was  the  temple,  in  which  were  deposited  the  bones  of  the  ances- 
tors of  the  Capaha  chief.  This  the  Indian  allies  of  De  Soto  pillaged, 
breaking  open  the  coffins  and  scattering  the  bones.  They  also  removed 
the  heads  of  their  countrymen,  who  had  been  killed  in  previous  wars, 
and  substituted  those  of  the  Gapahas  who  had  fallen  in  the  recent  bat- 
tle.* This  is  the  account  left  by  Le  Vega  of  this  village,  and  though 
it  is  evidently  exaggerated,  as  are  all  of  his  descriptions,  yet  there  can 
be  no  doubt  that  it  is  substantially  true,  as  it  is  confirmed  in  all  im- 
portant particulars  by  the  other  chroniclers  of  that  exx>edition.  Thus, 
for  instance,  Biedma  t  tells  us  that  "  they  reached  a  village  in  the  midst 
of  a  plain,  surrounded  by  walls  and  a  ditch  which  had  been  made  by 
the  Indians,  filled  with  water;"  and,  according  to  the  Knight  of  Elvas,! 
this  town,  which  he  calls  Pacaha,  "was  very  great,  walled,  and  beset 
with  towers,  and  many  loop-holes  were  in  the  towers  and  wall.  -  -  - 
Where  the  governor  was  lodged  was  a  great  lake  that  came  near  unto 
the  wall;  and  it  entered  into  a  ditch  that  went  round  about  the  town, 
wanting  but  a  little  to  environ  it  around.  From  the  lake  to  the  great 
river  was  made  a  wear  by  which  the  fish  came  into  it.  -  -  With 
nets  that  wei^e  found  in  the  town  they  took  as  much  as  they  would; 
and  took  they  never  so  much,  there  was  no  want  perceived.  Within  a 
league  and  a  half  there  were  other  great  towns  all  walled." 

Proceeding  still  farther  to  the  northwest,  we  are  told  that,  within  the 
present  century,  the  Mandaus,  Arikaras,  and  other  tribes  living  high 
up  on  the  Missouri,  when  they  were  first  visited  by  the  whites,  were 
accustomed  to  fortify  their  towns  by  ditches,  embankments,  and  pali- 
sades. Lewis  and  Clarke  made  repeated  mention  of  recently  abandoned 
Indian  villages,  surrounded  by  earthen  walls,  which  in  one  case  at 
least,  are  said  to  have  been  8  or  10  feet  high  ;§  and  Brackenridge,||  who 
visited  these  same  tribes  in  1811,  tells  us  of  a  citadel  or  fortification 
oval  in  form,  and  4  or  5  acres  in  extent,  around  which  a  village  had 


*lhid,  Seconde  partie,  livre  second,  chap,  vi  and  vii.  Compare  this  with  the 
account  of  the  Temple  of  the  Tensas,  by  Tonti,  on  p.  42. 

t  HUt.  Coll,  of  Louisiana,  part  ii,  p.  105. 

J  I.e.,  part  II,  p.  172. 

^  Lewis  and  Clarke,  vol.  i,  pp.  62,  92,  94, 97, 98, 108,  etc. :  Philadelphia,  1814.  ''The 
Omabas  and  Pawnees  too,  so  I  am  told  by  Miss  AUce  C.  Fletcher,  formerly  dag 
ditches  around  their  viUages,  and  made  walls  from  3  to  5  feet  high.'' 

II  Views  of  LouiHanay  p.  242.  He  adds:  "Probably,  in  case  of  siege,  the  whole 
village  was  crowded  into  this  space.'' 
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apparently  been  bnilt.  The  earthen  wall  that  inclosed  this  fort  was 
about  4  feet  high,  and  upon  it  cedar  posts  were  still  standing.  Struck 
with  the  resemblance,  "  in  every  respect,"  between  these  ruins  and  the 
"vestiges,"  as  he  calls  the  earth- works  on  the  Ohio  and  the  Mississippi, 
he  very  justly  concluded  that  these  latter  were  but  the  sites  of  stockaded 
towns  and  villages;*  and  this  inference  is  borne  out  by  the  fact  that  on 
some  of  them  "  the  remains  of  palUsadoes  were  found  by  the  first  set- 
tlers." t 

That  this  resemblance  is  not  altogether  fanciful  will  be  admitted  by 
those  who  have  followed  the  course  of  this  investigation,  though  it  is 
possible  that  the  comparison  would  be  more  just  if  it  were  limited  to 
the  hill-forts  of  the  Ohio  Valley.  Defensive  works  of  the  character  of 
these  latter  seem  to  have  been  the  same  everywhere,  and  whether  built 
by  Iroquois,  Chickasaw,  Mandan,  or  Mound-builder,  admit  of  no  dis- 
tinction in  situation,  form,  or  structure.  Not  so  however  with  the 
class  of  works  to  which  the  term  fortified  village  has  been  applied. 
These  are  groups  rather  than  single  works,  and  though  primarily  noth- 
ing but  mounds,  ditches,  and  embankments,  and  as  such  differing  in 
nowise,  except  perhaps  in  size,  from  similar  structures  elsewhere,  yet 
they  are  often  arranged  in  such  a  complicated  manner  as  to  have  but 
little  in  common  with  the  inclosures,  north  of  the  Ohio,  that  are  known 
to  have  been  erected  by  the  modern  Indians.  For  their  counterparts 
we  must  look  to  the  Gulf  States,  Georgia  and  Arkansas,  and  it  is  pos- 
sible that,  even  here,  they  will  be  found  to  be  neither  so  large  nor  so. 
complicated.  Upon  this  point  however  it  is  necessary  to  "  make  haste 
slowly,"  as  our  knowledge  of  the  earth- works  in  the  Southern  States  is 
very  slight;  and  there  can  be  no  doubt  that  the  statement  of  the  Portu- 
guese Gentleman  {  as  to  the  existence  of  "  great  and  walled  towns,  and 
many  houses  scattered  all  about  the  fields,  to  wit:  a  cross-bow  shot  or 
two,  the  one  from  the  other,"  taken  in  connection  with  what  is  known 
of  the  manner  in  which  these  tribes  built  their  houses  and  fortified 
their  villages,  is  suggestive  of  a  condition  of  affairs  strongly  resembling 
the  famous  mound  centers  of  the  Ohio  Valley.§    In  all  other  respects, 

*Ihid,f  p.  183.     Compare  Catlin,  vol.  ii,  pp.  259  ei.  seq. 

t/Md.,p.21. 

XI.  c,  pp.  160,  169, 170,  144,  and  172.  The  Indians  everywhere  throughout  this 
region  built  their  villages  in  groups,  some  of  which  were  very  large.  Upon  this 
point  consult  the  other  chroniclers  of  De  Soto's  expedition  and  the  narratives  of 
Father  Donay,  p.  204,  and  Qravier,  pp.  133,  138,  and  148 ;  also  Adair,  p.  352,  and 
Charlevoix,  Letters  ii,  p.  245  et  seq, :  London,  1761. 

$  A  series  of  explorations,  under  the  auspices  of  the  Peabody  Museum  of  American 
Archaeology  and  Ethnology,  has  recently  been  conducted  amid  the  mounds  and  vil- 
lage sites  of  the  northeastern  portion  of  Arkansas — the  region  that  the  Capahas  are 
supposed  to  have  inhabited  in  the  time  of  De  Soto,  and  where  they  were  found  by 
Fathers  Douay  and  Charlevoix  in  1687  and  1721 — and  it  is  curious  to  note  how  the 
statement  of  the  old  chronicler  as  to  the  existence  of  ''walled  towns  within  a  league 
or  a  league  and  a  half  of  each  other ''  is  verified.  See  Fonrieenth  Annual  Report  of 
the  Peabody  M%i8eum,  p.  19,  where  we  are  told  that  **  these  mounds  are  usnaUy  sur- 
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the  works  of  the  Southern  Indians,  such  as  they  have  been  described 
by  the  early  chroniclers,  will  compare  favorably  with  anything  of  the 
same  character  that  has  yet  been  found  in  the  United  States.  The 
truncated  or  temple  mounds  are  far  more  numerous  in  the  States  south 
of  the  Ohio  than  anywhere  else  in  the  Mississippi  Valley,  and  except 
in  one  or  two  notable  instances,  are  of  larger  size;  whilst  the  artificial 
ponds,  with  canals  to  feed  them,  are  believed  to  be  peculiar  to  that 
region. 

Of  the  other  earth-works — the  stone  cairns,  burial  mounds,  graded 
ways,  ditches,  and  embankments — it  can  only  be  said  that  they  are  com- 
mon to  both  sections,  and  that  the  only  difference  between  them  is  in 
their  size,  or  in  the  order  in  which  they  are  sometimes  grouped  together. 
Even  in  these  particulars  the  advantage  is  not  always  on  one  side,  for 
the  reason  that  there  is  no  uniformity  in  any  of  the  works,  and  whilst, 
as  a  matter  of  fact,  the  largest  and  most  complicated  group  of  the  Ohio 
system  exceeds  anything  that  has  yet  been  found  in  the  Gulf  States,  it 
is  equally  true  that  there  are  mounds  and  embankments  south  of  the 
Ohio  that  are  larger  than  are  many  of  those  found  to  the  north  of  that 
stream.  Between  the  giant  mass  of  the  Oahokia,  111.,  mound  and  the 
long  lines  of  embankment  on  Paint  Creek,  Ohio,  and  their  counterparts 
in  Mississippi*  and  elsewhere  in  the  Southern  States,!  the  difference  is 
much  less  than  it  is  between  these  same  works  and  the  average  of  those 
of  similar  character  in  the  northern  half  of  the  Ohio  Valley.  But  even 
if  there  were  no  such  differences,  and  the  groups  in  the  Ohio  system  of 
works  were  uniformly  of  larger  size  and  more  complicated  pattern  than 
can  be  found  elsewhere  in  the  United  States,  the  fact  would  still  be 
without  any  ethnical  significance;  otherwise  we  should  have  to  admit 
that  there  existed  in  the  Ohio  Valley  at  or  about  the  same  time,  and  in 
close  proximity  to  each  other,  as  many  different  raees  or  phases  of  civi- 
lization as  there  are  groups  of  works,  and  this  would  be  absurd. 

With  the  establishment  of  this  point,  my  task  is  brought  to  a  close. 
In  it  I  have  confined  myself  almost  entirely  to  the  historical  proof  of 
the  recent  origin  of  these  works,  and  except  incidentally,  have  ignored 
the  argument  that  may  be  drawn  from  the  similarity  of  burial  customs, 
and  from  the  identity  of  the  implements  and  ornaments  found  in  the 


rounded  by  earthworks  and  ditches,  forming  inclosiires  of  from  3  or  4  to  18  or  20 
acres ;'^  and  the  MS.  field  notes  of  the  late  Mr.  Edwin  Coi'tiss,  now  in  the  Peabody 
Museom,  for  the  relative  situation  of  some  of  theae  inclosures. 

*Tho  great  mound  at  Seltzertown,  Miss.,  according  to  Brackenridge,  Appendix  to 
Ficips  of  LouiaianUf  was  a  truncated  pyramid  600  by  400  feet,  and  40  feet  in  perpen- 
dicular height.  It  was  ascended  by  graded  ways,  and  the  area  on  top  embraced 
about  4  acres.  At  each  eud  of  this  area,  and  near  the  center,  were  other  monnds, 
one  of  which  was  about  40  feet  high,  with  a  level  space  at  its  summit  30  feet  in  di- 
ameter.   The  whole  was  surrounded  by  a  ditch  that  averaged  10  feet  deep. 

t  For  the  size  of  some  of  these  works,  see  anlCf  foot-note  t  on  page  585.  Compare 
also  Squier,  Aborig.  Mon.  of  the  Mi8»,  Valley,  pp.  113  et  9eq.,  and  Jones,  AnUquiUe*  of 
the  Southern  Indiana,  p.  163,  New  York,  1873. 
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moonds  with  those  that  are  known  to  have  been  made  and  used  by  the 
recent  Indians.  This  has  not  proceeded  from  any  failure  to  appreci- 
ate the  fall  ethnical  significance  of  the^e  resemblances,  nor  has  it  been 
caused  by  any  lack  of  material;  but  it  has  been  the  result  of  the  limits 
voluntarily  placed  upon  the  investigation.  At  some  future  time  it  may 
be  necessary  to  revert  to  this  subject,  and  then  it  will  be  competent  to 
show  that  the  "vestiges  of  art''  found  in  the  mounds  "do  not  excel  in 
any  respect  those  of  the  Indian  tribes  known  to  history.''*  In  the 
meantime  we  can  well  afford  to  content  ourselves  with  this  brief  and 
cursory  examination  into  the  early  records.  Summing  up  the  results 
that  have  been  attained,  it  may  be  safely  said,  that  so  far  from  there  be- 
ing smy  a  priori  reason  why  the  red  Indians  could  not  have  erected  these 
works,  the  evidence  shows  conclusively  that  in  New  York  and  the  Gulf 
States  they  did  build  mounds  and  embankments  that  are  essentially 
of  the  same  character  as  those  found  in  Ohio.  And  not  only  is  this 
true,  but  it  has  also  been  shown  that  whilst  for  reasons  that  have  been 
given,  we  are  without  any  historical  account  of  the  origin  of  the  Ohio 
system  of  works — the  only  one  about  which  there  seems  to  be  any  dis- 
pute—yet there  can  be  no  doubt  that  oneof  the  more  elaborate  of  them, 
viz:  the  mound  at  Circleville,  in  which  were  found  articles  of  iron  and 
silver,  was  built  after  contact  with  the  whites,  and  therefore  by  the  re- 
cent Indians. 

In  view  of  these  results,  and  of  the  additional  fact  that  these  same 
Indians  are  the  only  people,  except  the  whites,  who,  so  far  as  we  know, 
have  ever  held  the  region  over  which  these  works  are  scattered,  it  is 
believed  that  we  are  fully  justified  in  abandoning  the  seemingly  nega- 
tive position  occupied  at  the  outset  of  this  argument,  and  in  claiming 
that  the  mounds  and  inclosure^  of  Ohio,  like  those  in  New  York  and 
the  Gulf  States,  were  the  work  of  the  red  Indians  of  historic  times,  or 
of  their  immediate  ancestors.  To  deny  this  conclusion,  and  to  accept 
its  alternative,  ascribing  these  remains  to  a  mythical  peopleof  a  diflfer- 
ent  civilization,  is  to  reject  a  simple  and  satisfactory  explanation  of  a 
fact  in  favor  of  one  that  is  far-fetched  and  incomplete;  and  this  is 
neither  science  nor  logic. 


•  J..  W.  PoweU,  in  Transaciiona  of  the  Anthropological  Society  of  Washing  ton  fji,  116: 
Pamphlet,  1881. 
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THE    USE    OF    FLINT    BLADES    TO    WORK   PINE    WOOD.* 
(EPOCH  OF  THE  ANCIENT  SHELL  HEAPS.) 


By  G.  V.  Smith. 


In  the  discussions  which  have  been  going  on  for  more  than  thirty- 
years  concerning  the  division  of  the  Stone  age  in  Denmark  into  two 
periods,  that  of  the  shell  heaps,  and  that  of  the  megalithic  monuments, 
one  of  the  principal  objections  made  to  the  theory  of  Worsaae  has 
always  been  that  the  blades  simply  chipped  could  not  be  employed 
as  axes,  and  ought,  upon  the  whole,  to  be  taken  out  of  the  list  of  cut- 
ting instruments.t 

These  implements  have  however  when  they  are  in  good  condition, 
a  sharp-  border,  analogous  to  an  edge,  which  has  always  been  produced 
by  the  same  process,  that  is  to  say,  by  striking  off  a  single  chip  from 
each  side  of  a  flint  disc  so  as  to  form  an  edge  by  the  line  of  intersec- 
tion of  the  two  faces,  whose  angle  of  inclination  is  not  ordinarily 
larger  than  the  corresponding  angle  of  the  cutting  part  of  the  polished 
axes.  But  objection  has  been  made  that  this  sharp  border  is  not  suit- 
able for  an  edge,  consequently  the  implement  could  not  be  employed 
as  an  ax. 

If  we  examine  with  care  the  great  series  of  chipped  blades  which 
are  found  in  such  abundance  in  the  National  Museum  of  Copenhagen, 
as  well  as  in  other  Danish  collections,  we  find  out  however  that  in  all 
the  examples  in  good  condition,  the  cutting  part  is  precisely  like  an 
edge,  whether  we  regard  the  form  or  the  idea  of  a  cutting  tool,  also 
from  this  point  of  view  it  does  not  seem  rational  that  this  kind  of  edge 
would  have  been  merely  accessory  in  the  chipped  blades  and  that 
they  did  not  have  any  importance  in  the  eyes  of  those  who  made 
use  of  these  implements.  It  is  then  difficult  to  understand  why 
there  is  any  hesitation  in  considering  them  to  have  been  cutting  im- 
plements, especially  when  it  is  possible  to  show  the  successive  devel- 
opment of  the  forms,  from  the  largest  blades  to  the  most  complete 

*From  Aarb^ger  fer  nordisk  Oldkyndighed  og  Historic,  1891,  2  scr.,  vi,  fasc.  4, 
pp.  383-396,  and  rendered  into  French  by  E.  Beanvois,  in  Mem,  d.  L  Soc,  Roy,  d, 
Antiq,  du  Xord.  Copenhagen,  n.  s.  1891,  pp.  99-110. 

t  Mem,  d,  /.  Soc,  d,  Antiq.  du  Nord,  1884-^89,  371. 
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types  of  edged  instruments  made  in  the  usual  manner  for  blades  and 
approaching  more  and  more  the  published  flint  axes. 

Blades  with  a  perfect  edge  are  rare,  naturaUj-;  for  it  was  not  worth 
the  trouble  to  recut  them,  and  those  were  thrown  away  which  could 
not  be  used.  The  edge  produced  by  simply  striking  oflf  two  fragments 
of  Hint,  without  doubt^  had  not  the  resistance  of  an  edge  made  by  pol- 
ishing; but  as  the  ancients  did  not  experience  any  difficulty  in  making 
new  blades,  the  fraUty  of  the  edge  would  not  be  of  any  great  import- 
ance, as  they  had  flint  in  abundance.  It  is  this  which  naturally  ex- 
plains the  great  quantity  of  blades  more  or  less  damaged,  which  are 
found,  not  only  on  the  Danish  borders  and  in  the  shell  heaps,  but  any- 
where in  the  interior  of  the  country. 

The  question  of  the  use  of  these  blades  as  cutting  instruments  has 
already  been  fully  treated,  especially  by  Dr.  Sophus  Miiller.*  1  will 
not  go  into  details.  The  theoretical  part  of  the  subject  has  also  been 
exhausted.  It  only  remains  to  prove  by  practical  experiments  how  far 
the  blades,  when  furnished  with  handles,  can  cut  wood. 

The  success  of  these  experiments  ought  to  be  a  strong  argument  in 
favor  of  those  who  hold  that  flint  blades  of  the  ancient  shell-heap  epoch 
have  been  used  in  the  same  manner  as  polished  tools  firom  the  last 
period  of  the  Stone  age,  that  is  to  say,  as  cutting  or  chopping  instru- 
ments, and  as  weapons.  I  have  undertaken  these  experiments,  and 
give  here  the  results.  The  co-operation  of  an  able  assistant  was  indis- 
pensable to  me.  So  I  called  in  the  aid  of  a  master  carpenter  of  Aarhus, 
M.  Helstrup,  who  has  shown  great  interest  and  aptitude  in  the  sub- 
ject in  assisting  me  in  the  practical  part  of  the  work. 

The  blades  used  have  been  hafbed  partly  in  imitation  of  the  stone 
axes  which  are  to  be  found  in  the  National  Museum  of  Copenhagen 
(Department  of  Ethnology),  and  partly  after  the  cuts  in  works  on 
Archfpology.t  In  trying  the  ditterent  kinds  of  mountings,  it  was  de- 
cided that  the  most  advantagex)us  form  is  one  copied  from  works  on 
the  construction  of  pile  dwellings  of  the  Swiss  Lakes,  I  made  a  maple 
handle  7  centimeters  (2J  inches)  in  diameter,  and  about  58  centimeters 
(23  inches)  in  length,  preserving  this  thickness  about  12  centimeters 
(4f  inches)  from  the  end,  and  then  tapering  it  slightly  to  the  other  end. 

As  the  blades  placed  at  my  disposal  for  the  experiment  were  relatively 
small,  I  ctmld  not  fasten  them  directly  into  the  handle;  the  edge  would 
have  been  so  near  the  handle  that  it  would  have  made  the  work  diffi- 
cult, especially  in  cutting  down  trees,  where  it  would  have  been  neces- 
sary to  strike  at  an  open  angle;  besides,  in  a  handle  of  this  kind  it 
was  difficult  to  give  stabiUty  to  the  stone  blade.    The  blades  woidd  be 


*  **  Classification  of  the  antiquities  of  Denmark,  Copenhagen/'  1888.  Mem,  d,  h  Soc, 
d.  Aniiq.  du  Nord,,  1884-*89,  p.  731.    Aarh,  f,  Nord,,  Oldkyndighed,  etc.,  1888,  1890. 

t  J.  Evans:  Ancient  Stone  Implements  of  Great  Britain.  F.  Sehested:  Fortidsminder 
-»  Oldeagerfra  Egnen  om  liroMmf  et  Arohceologishe  Underlogeher,  1878-1881.  KeUer: 
Mban*--    ^^'-^'^  ^^"^^mtft  it€9elUok  in  ZUrick, 
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moanted  more  advantageoasly  in  an  iutermediate  piece,  like  those 
whicb  were  generally  made  for  the  axes  of  stone  in  handles  found  in 
the  Swiss  lake  cities.  First  of  all,  by  that  means,  it  became  possible 
to  fix  them  immovably  in  the  helve;  and  secondly,  which  was  most 
essential,  to  place  between  the  edge  and  the  handle  the  distance  appro- 
priate for  the  use  of  the  implement.  The  intermediate  pieces  which  I 
used  were  of  elm  or  beech  0.12  to  0.13  meter  (4f  to  5  inches)  long,  0.4  to  0.5 
meter  (16  to  20  inches)  wide,  and  0.3  to  0.4  meter  thick.  These  were  split 
at  one  end  to  insert  the  blade,  and  the  interstices  were  filled  with  a  kind 
of  pitch  used  by  saddlers.  After  having  wrapped  with  a  piece  of  leather 
the  two  sides  of  the  blade  which  protruded  beyond  the  cleft,  this  was 
tightly  bound  with  cord.  The  other  end  of  the  intermediate  piece  was 
rounded  and  slightly  pointed  so  as  to  be  more  easily  introduced  into 
the  corresponding  hole  in  the  handle.  This  hole  was  bored  obliquely 
in  the  middle  of  the  thickest  part  of  the  handle,  in  such  a  way  that  the 
blade  formed  an  obtuse  angle  with  the  upper  extremity  of  the  handle. 
This  arrangement  was  found  to  be  necessary,  for  otherwise  it  would 
not  have  been  the  middle  of  the  edge  which  struck  the  tree  but  the 
outer  corner;  that  is  to  say,  the  one  farthest  from  the  hand.  This 
point  would  have  soon  been  probably  broken,  which  would  not  be  the 
case  when  the  edge  was  properly  set  in  an  oblique  position.  This  solid 
hafting  was  like  those  used  in  Denmark  in  primitive  times,  and  the 
dowel  of  wood  in  which  is  set  a  blade  found  in  the  fiords  of  Kolding 
and  represented  on  page  392  of  the  memoir  of  S.  Miiller,  served  as 
an  intermediate  piece. 

With  these  blades  thus  hafbed  I  have  executed  the  works  here  de- 
scribed on  green  pine,  not  that  the  kind  of  wood  plays  an  important 
part  in  these  experiments,  for  it  is  to  be  supposed  that  blades  cutting 
one  kind  will  do  as  much  on  all  other  kinds  of  the  same  hardness;  but 
as  most  of  the  forests  of  Denmark  during  the  stone  age  consisted  nearly 
exclusivelyof  pines,  as  Prof.  Steenstrup  has  demonstrated,  I  have  made 
my  investigations  on  the  Pinus  silvestris  of  different  sizes  cut  down  in 
the  woods  of  Frijsenborg  in  the  beginning  of  January,  and  I  have  con- 
tinued them  from  the  27  th  to  the  31st  of  the  same  month. 

I.  A  stick  of  pine  wood  0.0555  meter  in  diameter,  which  was  fixed  per- 
pendicularly on  a  work-bench,  was  cut  in  two  in  three-quarters  of  a 
minute;  it  did  not  break  off  until  it  had  been  reduced  to  0.007  meter 
in  diameter;  the  severed  piece  was  sharpened  like  a  pile. 

II.  Another  stick,  0.1225  meter  in  diameter,  placed  in  the  same  posi- 
tion was  cut  in  ten  minutes.  It  was  broken  oft*  by  force  when  it  was  not 
more  than  0.02  meter  in  diameter. 

III.  A  stick  placed  in  the  same  position  was  cut  in  eighteen  minutes; 
it  broke  off  when  it  was  0.05  meter.  It  was  necessary  to  strike  1,578 
blows  to  do  the  work.  At  the  1,485th  strike  a  little  fragment  separated 
itself  from  the  edge.    Even  at  the  beginning  the  edge  struck  accidentally 
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on  a  piece  of  iron  which  made  it  bound,  and  caosed  a  small  fragment 
0.03  meter  long  and  0.003  meter  thick  to  fly  off  one  of  the  comers 
without  diminishing  the  sharpness  of  the  axe. 

These  three  experiments  were  made  with  the  same  blade,  0.075 
meter  long,  of  gray  flint,  of  which  the  edge,  a  little  concave,  was 
0.065  meter  in  width.  At  one  of  the  corners  of  this  some  chips  were 
wanting,  having  been  broken  off  before  the  experiment  It  was  other- 
wise in  a  good  condition,  and  very  sharp,  only  having  serrations  here 
and  there.  The  shorter  of  the  beveled  faces  is  a  little  curved  and 
this  made  the  blade  slightly  convex.  The  scarfs  produced  by  the  cut- 
ting were  perfectly  regular  and  exact,  and  the  surface,  left  by  the 
removal  of  the  chips  would  have  been  also  quite  smooth  if  the  serra- 
tions of  the  edge  had  not  left  some  inequalities. 

IV.  lA  striking  some  blows  on  a  pine  pole,  dry  and  not  planed,  0.03 
meter  thickness,  I  have  proved  that  the  same  blade  would  quite  as 
well  cut  harder  wood. 

It  would  have  been  naturally  much  easier  to  fell  a  sapling  standing 
than  to  cut  the  blocks  fixed  on  a  stand,  for  the  wood  yielded  in  a  man- 
ner to  compress  the  fibers  in  one  way  and  expand  them  in  the  other; 
the  blows  penetrated  better  in  the  latter  case. 

V.  A  log  of  pine  0.13  meter  in  diameter,  fixed  on  a  table,  was  cut  in 
eight  minutes  with  the  ax.  It  is  a  blade  of  gray  flint  0.07  meter  long, 
of  which  the  convex  and  uneven  edge  is  0.0675  meter  wide.  Before  the 
experiment  the  edge  was  a  little  damaged  in  the  middle  and  did  not 
work  as  well.  The  chips  were  short  and  the  incisions  uneven.  The 
part  separated  from  the  log  which  was  pointed  with  the  ax  used  in  the 
first  three  experiments,  shows  the  surfaces  equal  and  nearly  polished. 

VI.  One  of  the  logs  had  the  knots  which  I  had  succeeded  in  avoid- 
ing in  the  preceding  experiments.  With  a  blade  whose  edge  was 
extraordinarily  straight  and  regular,  but  a  little  thick  (the  bevelled 
parts  show  an  angle  of  inclination  of  45°),  I  cut  with  the  greatest 
ease  these  knots,  of  which  the  largest  was  0.03  meter  in  diameter, 
without  any  marks  thereof  appearing  on  the  edge.  The  thickness 
of  this  ax,  on  the  contrary,  makes  it  cut  with  less  facility  into 
wood  soft  and  without  knots.  To  ascertain  the  limits  of  resistance  in 
this  blade,  I  struck  with  all  my  force,  almost  perpendicularly,  a  large 
knot  remaining  on  a  branch  cut  on  the  stump.  The  branch  was  stand- 
ing horizontally.  The  edge  peuetrated  in  the  knot  0.01  meter,  but  the 
same  time  the  ax  split,  and  the  thick  fragment  broke  off  about  a  third 
of  the  edge  and  all  the  narrow  face  of  the  ax,  which  came  off  from  the 
head. 

VII.  The  experiment  showed  to  me  that  the  little  blades  could  i)er- 
fectly  take  the  place  of  chisels. 

VIII.  With  the  same  instruments  used  as  chisels  I  shaped  two  logs 
to  mortise  and  tenon.  All  the  logs  of  the  experiment  were  still  covered 
with  bark. 
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These  experiments  clearly  showed  me  with  what  astonishing  easi- 
ness and  relative  rapidity  the  pine  could  be  felled  with  these  blades. 
With  the  primitive  implements  one  is  able,  not  only  to  cut  large  trees, 
but  to  perform  the  work  of  less  complicated  carpentry,  without  the 
cutting  edge  becoming  very  readily  deteriorated.  If  one  considers,  in 
addition,  that  the  carpenters  of  antiquity  were  particularly  skillful  and 
clever  in  the  use  of  blades,  one  can  with  reason  now  consider  that  these 
were  used  as  "edged  tools,''  and  the  experiments  here  described  have 
convinced  me  that  the  large  blades  were  employed  as  axes. 
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•By  D.  J.  Magowan^  M.  D. 


According  to  the  Sliu-king,  we  find  that  forty-five  centuries  ago  the 
Chinese  had  occupied  themselves  with  the  construction  of  astronomical 
instruments  analogous  to  the  quadrant  and  armillary  sphere;  the 
observations  they  made  with  them,  even  at  that  remote  period,  are 
remarkable  for  their  accuracy,  enabling  them  to  form  a  useful  calendar. 
The  present  sexagenary  cycle  was  adopted  B.  c.  2636,  by  Hwangti,  to 
whom  is  attributed  the  invention  of  the  clepsydra.  The  instrument  at 
that  period  was  probably  very  rude,  used  principally  for  astronomical 
puri)oses  in  the  same  manner  as  employed  by  Tycho  Brahe  for  measur- 
ing  the  motion  of  stars,  and  subsequently  by  Dudelz  in  making  mari- 
time observations.  It  was  committed  to  the  care  of  an  officer  styled 
the  clepsydra  adjuster, 

Duke  Chan,  the  alleged  inventor  of  the  compass,  about  B.  c.  1130, 
appears  also  to  have  been  the  first  to  employ  the  clepsydra  as  a  time- 
piece. He  divided  the  floating  index  into  one  hundred  fct'A,  or  parts. 
In  winter  forty  kih  were  allotted  for  the  day  and  sixty  for  the  night; 
in  summer  this  was  reversed,  the  spring  and  autum  being  equally 
divided.  This  instrument  was  provided  with  forty-eight  indices,  two 
for  each  of  the  twenty-four  tsieh,  or  terms  of  the  year.  They  were  con- 
sequently changed  semi-monthly,  one  index  being  employed  for  the  day 
and  another  for  the  night.  Two  were  employed  every  day,  probably  to 
remedy  in  a  measure  the  defect  of  all  clepsydras,  i.  <? .,  of  varying  in  the 
speed  of  their  rise  and  fall,  according  to  the  ever- varying  quantity  of 
water  in  the  vessel,  which  might  be  done  by  having  the  indices  diflfer- 
ently  divided.  To  keep  the  water  from  freezing,  the  instrument  was 
connected  with  a  fuma<;e,  and  surrounded  with  hot  water.  The  forms 
of  the  apparatus*have  been  various,  but  they  generally  consisted  of  an 
upper  and  a  lower  copper  vessel,  the  former  having  an  aperture  in  the 
bottom  through  which  water  percolated  into  the  latter,  where  floated 
an  index,  the  gradual  rise  of  which  indicated  successive  periods  of  time. 


•  From  Chinese  Bepository,  July,  1851. 
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In  some  this  was  reversed,  the  float  being  made  to  mark  time  by  its  falL 
A  portable  one  was  sometimes  employed  in  ancient  times  on  horseback. 

Instruments  constructed  on  the  same  principles  were  in  use  amongst 
the  Chaldeans  and  Egyptians  at  an  early  period;  that  of  Ctesibius  of 
Alexandria  being  an  improvement  over  those  of  more  ancient  times. 
The  invention  in  Western  Asia  was  doubtless  independent  of  that  in 
Eastern,  both  being  the  result  of  similar  wants.  Clepsydras  were  sub- 
sequently formed  of  a  succession  of  vessels  communicating  by  tubes 
passing  through  figures  of  dragons  and  other  images,  which  were  ren- 
dered still  more  ornamental  by  the  indices  being  held  in  the  hands  of 
genii.  The  earliest  application  of  motion  to  the  clepsydra  appears  to 
have  been  in  the  reign  of  Shunti  A.  i).  126-145,  by  Tsiang-hung,  who 
constructed  a  sort  of  orrery  representing  the  apparent  motion  of  the 
heavenly  bodies  around  the  earth,  which  was  kept  in  motion  by 
dropping  water.  There  is  also  a  reference  to  an  instrument  of  this 
description  in  the  third  century. 

In  the  sixth  century  an  instrument  was  in  use  which  indicated  the 
course  of  time  by  the  weight  of  water,  as  it  gradually  came  from  the 
beak  of  a  bird,  and  was  received  in  a  vessel  on  a  balance,  every  x)ound 
representing  a  kih.  About  this  time  mercury  began  to  be  employed  in 
clepsydras  instead  of  water,  which  rendered  the  aid  of  heat  in  winter 
unnecessary.  Changes  were  made  also  in  the  relative  number  of  kih 
for  day  and  night,  so  as  to  vary  with  the  seasons  as  in  Europe.  Monks 
of  the  Romish  Church  devoted  considerable  attention  to  the  construc- 
tion of  instruments  for  measuring  time;  in  like  manner  also,  Budhist 
monks  in  their  silent  retreats,  but  at  an  earlier  period,  similarly  occu- 
pied themselves.  Several  contrivances  to  measure  time  are  mentioned 
in  Chinese  history  as  the  invention  of  priests.  One  was  a  perforated 
copper  vessel,  placed  in  a  tub  of  water,  which  gi'adually  filled  and  sunk 
every  hour;  such  a  rude  machine  required  of  course  constant  attention. 

Although  their  knowledge  of  hydro-dynamics  is  Hmited,  the  Chinese 
appear  to  have  been  the  first  to  invent  the  form  of  clepsydra  to  which 
the  term  water  clock  is  alone  properly  applied — ^that  is  to  say,  an  appar- 
atus which  rendered  watching  unnecessary  by  striking  the  hours. 
Until  the  beginning  of  the  eighth  century  the  persons  employed  to 
watch  the  clepsydra  in  palaces  and  public  places  struck  bells  or  drums 
at  every  kihy  but  at  this  period  a  clock  was  constructed,  consisting  of 
four  vessels,  with  machinery  which  caused  a  drum  to  be  struck  by  day 
and  a  bell  by  night,  to  indicate  the  hours  and  watches.  No  descrip- 
tion of  the  works  of  this  interesting  invention  can  be  found.  It  is  pos- 
sible however  that  the  Saracens  may  have  anticipated  the  Chinese  in 
the  invention  of  water  clocks.  In  the  History  of  the  Tang  Dynasty  it 
is  stated  that  in  the  Fuhlin  country  (which  in  this  instance  doubtless 
means  Persia,  though  the  geographer  Sii  makes  it  Judea),  there  is  a 
clepsydra  on  a  terrace  near  the  palace  formed  of  a  balance  which  con- 
tained twelve  metallic  balls,  one  of  which  fell  every  hour  on  a  bell,  and 
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thus  struck  the  hours  correctly.  It  is  not  improbable  that  this  instru- 
ment is  identical  with  the  celebrated  one  which  the  King  of  Persia  sent 
in  the  year  807  to  Charlemagne. 

In  980  an  astronomer  named  Tsiang  made  an  improvement  on  all 
former  instriunents,  and  considering  the  period  it  was  a  remarkable 
specimen  of  art.  The  machine  was  arranged  in  a  sort  of  minature  ter- 
race, ten  feet  high,  and  was  divided  into  three  stories,  the  works  being 
in  the  middle.  Twelve  images  of  men,  one  for  every  hour,  appeared  in 
turn  before  an  oi)ening  in  the  terrace.  Another  set  of  automata  struck 
the  twelve  hours  and  the  eighths  of  such  hours.  These  ligures  oecu- 
l^ied  the  lower  story.  The  upper  story  was  devoted  to  astronomy, 
where  there  was  an  orrery  in  motion,  which  it  is  obvious  must  have 
rendered  very  complex  machinery  necessary.  We  are  only  told  that 
it  had  oblique,  perpendicular,  and  horizontal  wheels,  and  that  it  was 
kept  in  motion  by  falling  water.  As  the  Arabs  had  reached  China  by 
sea  at  the  close  of  the  eighth  century,  and  by  land  at  an  earlier  i>eriod, 
some  assistance  may  have  been  derived  from  them  in  the  construction 
of  this  instrument,  but  I  am  disposed  to  consider  it  wholly  Chinese. 
Beckmann,  after  much  learned  research,  ascribes  the  invention  of  clocks 
to  the  Saracens,  and  the  first  appearance  of  their  instruments  in 
Europe  to  the  eleventh  century. 

Mention  may  here  be  made  of  other  timekeei)ing  instruments  of  tlie 
same  description,  also  constructed  about  this  period.  One,  which 
like  the  last  united  an  orrery  and  clepsydra,  was  formed  in  one  part 
like  a  water  lily,  whilst  in  another  were  images  of  a  dragon,  a  tiger,  a 
bird,  and  a  tortoise,  which  struck  the  kih  on  a  drum,  and  a  dozen 
l>uppets  which  struck  hours  on  a  bell,  with  various  other  motions, 
besides  a  representation  of  the  revolutions  of  the  heavenly  bodies.  The 
machinery  of  another  of  these  was  moved  by  an  undershot  water- 
wheel,  its  axis  was  even  with  the  surface  of  the  ground,  and  conse- 
quently the  frame  containing  it  was  partly  below  the  surfiu'c.  The 
motions  of  the  sun  and  moon,  stars  and  planets,  were  made  to  revolve 
from  east  to  west  around  a  figure  of  the  earth,  represented  as  a  plain. 
Images  of  men  struck  the  hour  and  its  parts.  In  this,  as  in  all  the 
above-named  instruments,  the  number  of  strokes  was  doubtless  always 
the  same,  as  Chinese  do  not  count  but  name  the  hours. 

Another  machine  was  contrived  which  also  represented  the  motion 
of  the  heavenly  bodies.  It  was  a  huge  hollow  globe,  perforated  on  its 
surface  so  as  to  afford,  when  lighted  up,  a  good  representation  of  the 
sky  in  the  dark.  This  also  was  set  in  motion  by  falling  water.  Sub- 
sequent to  this  various  machines  are  mentioned,  but  the  brief  notices 
given  afford  nothing  of  interest  until  we  approjich  the  close  of  the 
Yuen  dynasty.  Shun-tsing  (A.  d.  1;330-'60),  the  last  emperor  of  the 
Mongol  race,  described  in  history  as  an  effeminate  prince  with  the 
]>hysiognomy  of  a  monkey,  was  evidently  a  man  of  great  mechanical 
skill,  and  to  the  last  amused  himself  by  making  models  of  vessels, 
H.  Mis.  334,  pt.  1 39 
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automata,  and  timepieces.  His  chief  work  was  a  machine  contained 
in  a  box  7  feet  high  and  3^  wide,  with  three  small  temples  on  top. 
The  middle  of  these  temples  had  fairies  holding  horary  characters,  one 
of  which  made  her  appearance  every  hour.  Time  was  struck  by  a  couple 
of  gods,  and  it  is  said  they  kept  it  very  accurately.  In  the  side  temples 
were  representations  of  the  sun  and  moon  respectively,  and  from  these 
places  genii  issued,  crossing  a  bridge  to  the  middle  temple,  and  after 
ascertaining,  as  it  were,  the  time  of  day  from  the  fairies,  returning 
again  to  their  quarters.  It  is  thought  the  motions  were  in  this  case 
eflfected  by  springs.  An  instrument  somewhat  similar  is  described  as 
being  in  the  capital  at  Corea ;  it  was  a  clepsydra,  with  springs  repre- 
senting the  motions  of  the  celestial  orbs,  and  having  automata  to  strike 
the  hour.  Since  the  introduction  of  European  clocks,  clepsydras  have 
fallen  into  disuse.  The  only  one  perhaps  in  the  empire  is  that  in  a 
watchtower  in  the  city  of  Canton.* .  It  is  of  the  simx)lest  form,  having 

*  This  clepsydra  is  foand  on  top  of  a  gateway  called  Shwang-muu  ti,  standiug  in 
the  street  called  Hiung  chin  fang,  leading  north  from  the  great  South  Gate  to  the 
Pnching  s//  office.  This  street,  or  avenue,  is  more  than  50  feet  wide,  and  this  double 
gateway  crosses  the  street  in  its  widest  part  like  Temple  Bar  in  London,  each  pas- 
sage being  about  20  feet  across.  The  structure  is  very  strongly  built,  and  is  ascended 
by  stone  steps  on  the  outside ;  on  the  t^p  is  a  two-storied  red  loft,  caUed  Kung-peh 
lau,  the  upper  story  of  which  serves  as  a  repository  for  the  blocks  used  in  the 
printing  office  in  the  lower  story  From  this  printing  office  are  issued  statistical 
and  other  official  works,  under  the  direction  of  the  Puching  sz'.  In  the  middle  wall 
is  a  vault,  and  the  ground  sounds  hollow  underneath.  The  statistics  of  Kwang  ohan 
fu  (Canton)  gives  the  following  notices  of  the  edifice:  ''The  Kung-peh  lau  lies 
south  of  the  Puching  sz'  office,  and  wascaUed  theTsinghai  lau  in  the  Tang  dynasty; 
it  stood  between  two  hills,  which  Sin  Hien  leveUed,  and  there  erected  a  double 
stone  gateway.  The  General  Sz'ma  Kih  in  a.  d.  1100,  re-built  it,  and  called  it  the 
Double  Gateway;  it  was  destroyed  about  1350,  and  re-built  as  before  bj'  Hungwn  in 
1380,  and  again  repaired  in  1654  by  Shunchi,  and  by  Kanghi  in  1687.  On  the  top  is 
a  clepsydra,  which  the  officer  Chin  Yungho  made  in  1315,  during  the  reign  of 
Jintsung.'' 

The  clepsydra  is  called  the  tung-wu-tih-laH,  i.  c,  copper  jar  dropper,  and  is  placed 
in  a  separate  room^  under  the  supervision  of  a  man  who,  besides  his  stipend  and 
perquisites,  obtains  a  livelihood  by  selling  time-sticks.  There  are  four  covered 
copper  jars  standiug  on  a  brickwork  stairway,  the  top  of  each  of  which  is  level 
with  the  bottom  of  the  one  above  it;  the  largest  measures  23  inches  high  and  broad, 
and  contains  70  cattie«,  or  97^  pints  of  water;  the  second  is  22  inches  high  and  21 
inches  broad ;  the  third  is  21  inches  high,  and  20  inches  broad ;  and  the  lowest 
23  inches  high  and  19  inches  broad.  Each  is  connected  with  the  other  by  an  open 
trough,  along  which  the  water  trickles.  The  wooden  index  in  the  lowest  jar  is  set 
every  morning  and  afternoon  at  5  o'clock,  by  placing  the  mark  on  it  for  these  hours 
even  with  the  cover,  through  which  it  rises  and  indicates  the  time.  The  water  is 
dipped  out  and  poured  back  into  the  top  jar  when  the  index  shows  the  completion 
of  -the  half  day ;  and  the  water  is  renewed  every  quarter.  Two  large  drums  stand 
in  the  room,  on  which  the  watchmen  strike  the  watches  duriug  the  night.  Probably 
a  ruder  contrivance  to  divide  time  can  hardly  be  found  the  world  over,  and  if  it 
was  nut  for  the  clocks  and  watches  everywhere  in  use,  which  easily  rectify  its 
inaccuracies,  the  (^antonese  would  soon  be  greatly  behindhand  in  their  reckoning, 
so  far  as  they  had  io  depend  <m  this  clepsydra  and  the  time-sticks  which  are  burnt 
to  regulate  it. — Editor  Chinese  UepoBitory  (July,  1851). 
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no  movements  of  any  kind,  but  it  is  said  to  keep  accurate  tim^.  The 
Chinesie  automata  so  much  admired,  are  in  their  internal  structure  imi- 
tations of  foreign  articles. 

In  dialling  the  Chinese  have  never  ac^complished  anything,  being  de- 
ficient in  the  requisite  knowledge  of  astronomy  and  mathematics.  It 
is  true  the  projection  of  the  shadow  of  the  gnomon  was  carefully  ob- 
served at  an  early  historic  period  for  astronomical  purposes.  Proper 
sun-dials  were  unquestionably  derived  from  the  West;  but  they  were 
not  introduced,  as  Sir  John  Davis  supposes,  by  the  Jesuits.  The  Chi- 
nese are  probably  indebted  to  the  Mohammedans  for  this  instrument, 
although  we  find  an  astronomer  endeavoring  to  rectify  the  clepsydra 
by  means  of  the  sun's  shadow,  projected  by  a  gnomon,  about  a  century 
earlier  than  the  Hejira.  There  is  one  in  the  Imperial  Observatory  at 
Peking  more  than  4  feet  iu  diameter.  Smaller  ones  are  sometimes  met 
with  in  public  offices,  all  made  under  the  direction  of  Eomish  mission- 
aries or  their  pupils. 

From  remote  antiquity  a  family  named  Wang,  residing  in  Hiu-ning- 
hien  (latitude  29o  63'  N.,  longitude  118o  17/  e.)  jn  the  province  of 
Nganhwui,  has  had  the  exclusive  manufacture  of  pocket  compasses, 
with  which  sun-dials  are  often  connected.  In  most  of  these  a  thread 
attached  to  the  lid  of  the  instrument  serves  as  a  gnomon  without  any 
adaptation  for  different  latitudes,  although  they  are  in  use  in  every 
part  of  the  empire.  Another  form,  rather  less  rude,  used  by  clock- 
makers  for  afljusting  their  timepieces,  is  marked  with  notches,  one  for 
each  month  of 'the  year,  to  give  the  gnomon  a  different  angle  every 
month.  The  one  used  by  the  Japanese  exceeds  that  made  in  China  in 
every  respect. 

Time  is  often  kept  with  tolerable  accuracy  iu  shops  and  temples  by 
burning  incense  sticks  made  of  sawdust,  carefully,  but  slightly,  mixed 
with  glue,  and  evenly  rolled  into  cylinders  two  feet  long,  and  divided 
oft'  into  hours.  When  lighted,  they  gradually  consume  away  without 
fiame,  burning  up  in  half  a  day.  Hour-glasses  are  scarcely  known  in 
China,  and  only  mentioned  iu  dictionaries  as  instruments  employed  in 
western  countries  to  measure  time.  A  native  writer  on  antiquities 
says  the  western  priest,  hi  Ma-tan  (M.  Kicci),  made  a  clock  which  re- 
volved and  struck  time  a  whole  year  without  error.  The  clock  brought 
out  by  Kicci,  if  not  the  first  seen  in  China,  is  the  earliest  of  which  men- 
tion is  made  in  Chinese  history.  This  subsequently  became  an  article 
of  import,  and  this  branch  of  trade  has  for  a  long  time  been,  and  is 
still,  of  considerable  value.  Clocks  and  watches  of  very  antifjue  aj)- 
pearance  are  often  met  with,  specimens  of  the  original  models  scarcely 
to  be  found  in  any  otlier  country.  Some  of  the  latter,  by  their  clumsy 
figure,  remind  one  of  their  ancient  name,  *^  Nuremburg  eggs,"  but  their 
workmanship  must  have  l)een  superior  to  that  of  most  modern  ones,  or 
they  would  not  be  found  in  oi>eration  at  this  late  day. 
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The  Obinese  must  have  commenced  clock-making  at  an  early  period, 
for  no  one  now  engaged  in  the  trade  can  tell  me  when  or  where  it  origi- 
nated, nor  can  it  be  easily  ascertained  whether  their  imitative  powers 
alone  enabled  them  to  engage  in  such  a  craft,  or  whether  they  are  in- 
debted to  the  Jesuits  for  what  skill  they  i>ossess.  It  is  certain  that 
the  disciples  of  Loyola  had  for  a  long  time,  and  until  quite  recently  iu 
their  corps  at  Peking,  some  who  were  machinists  and  watch-makers 
One  of  these  horologists  complains  in  Les  Lettres  Edifianies  that  his. 
time  was  so  much  occupied  with  mending  the  watches  of  the  grandees 
that  he  had  never  been  able  to  study  the  language.  Doubtless  the 
fashion  which  Chinese  gentlemen  have  of  carrying  a  couple  of  watches, 
which  they  are  anxious  should  always  harmonize,  gave  the  man  con- 
stant emplojrment.  A  retired  statesman  of  this  province  has  published 
a  very  good  account  of  clocks  and  watches,  accompanied  with  draw- 
ings representing  their  internal  structure  in  a  manner  sufficiently  in- 
telligible. The  Chinese  divide  the  whole  day  into  twelve  parts,  which 
are  not  numbered,  but  each  one  is  designated  by  a  character,  termed 
horary.  These  characters  were  originally  employed  in  forming  the 
nomenclature  of  the  sexagenary  cycle,  which  is  still  iu  common  use. 
It  was  not  until  a  much  later  period  that  the  duodecimal  division  of 
the  civil  day  came  into  use,  when  terms  to  express  them  were  bor- 
rowed from  the  ancient  calendar.  The  same  characters  are  also  ap- 
plied to  the  months.  The  first  in  the  list,  Uz*  son,  is  employed  at  the 
commencement  of  every  cycle,  and  to  the  first  of  every  period  of  twelve 
years,  and  also  to  the  commencement  of  the  civil  day,  at  Up.  m.,  com- 
prising the  period  between  this  and  1  A.  m.  The  mouth  which  is  des- 
ignated by  this  term  is  not  the  first  of  the  Chinese  year,  and  singu- 
larly enough  coincides  with  January.  Each  of  the  twelve  hours  is 
divided  into  Mh^  answering  to  a  quarter  of  an  hour.  This  diurnal  divi- 
sion of  time  does  not  appear  to  have  been  in  use  in  the  time  of  Confu- 
cius, as  mention  is  made  in  the  spring  and  autumn  annals  of  the  ten 
hours  of  the  day,  which  accords  with  the  decimal  divisions  so  long 
employed  in  clepsydras,  the  indices  of  which  were  uniformly  divided 
into  one  hundred  parts.  A  commentator  iu  the  third  century  of  our 
era,  explaining  the  passage  relating  to  the  ten  hours,  adds  a  couple  of 
hours,  but  even  at  that  time  the  present  horary  characters  were  not 
employed. 
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By  Dr.  Washington  Matthews,  U.  S.  Army. 


The  art  of  weaving  among  the  Navajo  Indians  of  New  Mexico  and 
Arizona  is  of  aboriginal  origin.  They  probably  learned  the  art  from 
the  ancient  Pueblo  Indians.  No  native  tribe  has  carried  it  to  such  per- 
fection nor  in  any  has  European  influence  had  less  effect. 

Material  for  fabrics. — Cotton  which  grows  well  in  New  Mexico  and 
Arizona,  the  tough  fibers  of  yucca  leaves  and  the  fibers  of  other  plants, 
the  hair  of  difibrent  quadrupeds,  and  the  down  of  birds  frimished  in 
prehistoric  days  the  materials  of  textile  fabrics  in  this  country.  While 
some  of  the  Pueblos  still  weave  their  native  cotton  to  a  slight  extent, 
the  Navajos  grow  no  cotton  and  spin  nothing  but  the  wool  of  the 
domestic  sheep,  of  Spanish  introduction,  and  of  which  the  Nav^'os 
have  vast  herds.  The  wool  is  not  washed  until  it  is  sheared.  It  is 
combed  with  hand  combs  purchased  from  the  Americans.  In  spin- 
ning, the  simplest  form  of  the  spindle,  a  slender  stick  thrust  through 
the  center  of  a  round  wooden  disk,  is  used.  The  Mexicans  on  the  Bio 
Grande  use  spinning  wheels,  and  although  the  Navajos  have  some  of 
their  own,  and  have  abundant  opportunities  for  buying  or  stealing 
them,  and  possess,  I  think,  sufficient  ingenuity  to  make  them,  they 
have  never  abandoned  the  rude  implement  of  their  ancestors.  The 
Navjyo  method  of  handling  the  spindle  is  diflerent  from  that  of  the 
X)eople  of  Zufii. 

The  Navajos  still  employ,  to  a  great  extent,  their  native  dyes;  of 
yellow,  reddish,  and  black.  There  is  good  evidence  that  they  formerly 
had  a  blue  dye;  but  indigo,  originally  introduced,  I  think,  by  the 
Mexicans,  has  superseded  this. 

Specimen  No.  1,  Catalogue  No.  153348,  is  wool  dyed  blue  with  indigo, 
the  mordant  being  urine.  If  they  in  former  days  had  a  native  blue 
and  a  native  yellow,  they  must  also,  of  course,  have  had  a  green,  and 
they  now  make  green  of  their  native  yellow  and  indigo,  the  latter  be- 
ing the  only  imported  dye-stuff  I  have  ever  seen  in  use  among  them. 
Besides  the  hues  above  indicated,  the  people  have  had,  ever  since  the 
introduction  of  sheep,  wool  of  three  natural  colors — white,  rusty  black. 


*  '* Navajo  Weavers:"  Third  Annual  Report,  Bureau  of  Ethnology,  1881-'82,  p.  375. 
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aud  gray — so  tliey  liavc  always  a  fair  range  of  tints  with  wbieh  to 
execute  their  artistic  designs.  The  brilliant  red  figures  in  their  finer 
blankets  were,  a  few  years  ago,  made  entirely  of  bayeta^  and  this  mate- 
rial is  still  largely  used.  Bayeta  is  a  bright,  scarlet  cloth,  with  a  long 
nap,  much  finer  in  appearance  than  the  scarlet  strouding  which  fbrmK 
such  an  importiint  article  in  the  Indian  trade  of  the  North.  It  w^as 
originally  brought  to  the  Navajo  country  from  Mexico,  but  is  now  sup- 
plied to  the  trade  from  our  eastern  cities.  The  Indians  ravel  it  and 
use  the  weft.  While  many  handsome  blankets  are  still  made  only  of 
the  colors  and  material  above  described,  American  yarn  has  lately  be- 
come very  i>opular  among  the  Navajos,  and  many  fine  blankets  are 
now  made  wholly,  or  in  part,  of  Germantown  wool. 

Yellow. — There  are,  the  Indians  tell  me,  three  different  processes  for 
dyeing  yellow ;  two  of  these  I  witnessed.  The  first  process  is  thus 
conducted.  (Specimen  No.  2,  Catalogue  No.  153349,  is  wool  dyed  by 
this  process.) 

The  flowering  tops  of  Bigelovia  graveolens  are  boiled  for  about  six 
hours,  until  a  decoction  of  deep-yellow  color  is  produced.  When  the 
dyer  thinks  the  de(;oction  is  strong  enough,  she  heats  over  the  fire  in 
a  pan  or  earthen  vessel  some  native  almogen  (an  impure  native  alum), 
untU  it  is  reduced  to  a  somewhat  pasty  consistency;  this  she  adds 
gradually  to  the  decm^tion,  and  then  puts  the  wool  in  the  dye  to  boil. 
From  time  to  time  a  portion  of  the  wool  is  taken  out  and  inspected 
until  (in  about  half  an  hour  from  the  time  it  is  first  immersed)  it  is 
seen  to  have  assumed  the  proper  color.  The  work  is  then  done.  The 
tint  produced  is  nearly  that  of  lemon  color.    (No.  2.) 

In  the  second  process  they  use  the  large  fleshy  root  of  a  plant  which, 
as  I  have  never  yet  seen  it  in  fruit  or  flower,  I  am  unable  to  determine. 
The  fresh  root  is  crushed  to  a  soft  i)a8te  on  the  meiaie^  and,  for  a  mor- 
dant, the  almogen  is  added  while  the  grinding  is  going  on.  The  cold 
paste  is  then  rubbed  between  the  hands  into  the  wool.  If  the  wool 
does  not  seem  to  take  the  color  readily  a  little  water  is  dashed  on  the 
mixture  of  wool  and  paste,  and  the  whole  is  very  slightly  warmed.  The 
entire  process  does  not  occupy  over  an  hour,  and  the  result  is  a  color 
much  like  that  now  known  as  "old  gold." 

The  dull  reddish  dye,  specimen  No.  3,  Catalogue  No.  153350,  is  made 
of  the  bark  of  the  Alder,  Alnns  irwaua  var.  virescens  (Watson)  and  the 
bark  of  the  Cercocarpns  parvifolius^  a  kind  of  mountain  mahogany.  On 
buckskin  this  makes  a  brilliant  tan  color,  but  applied  to  wool  it  pro- 
duces a  much  paler  shade,  as  shown  in  the  specimen  (No.  3). 

The  orange  dye,  Specimen  No.  4,  Catalogue  No.  153351,  is  made  from 
the  roots  of  a  sorrel  Rumex  hymenosepalum. 

Specimen  No.  5,  Catalogue  No.  153352,  is  wool,  half  natural  white 
and  half  dyed  black,  carded  together. 

Black  dye. — The  black  dye,  specimen  No.  6,  Catalogue  No.  153353,  is 
made  of  the  twigs  and  leaves  of  the  aromatic  sumac  {Ehu^  aromatica)^ 
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a  native  yellow  ocher,  Sijecimen  No.  7,  Catalogue  No.  153354,  and  the  gum 
of  the  pinon  (Pinm  eduUs)^  Specimen  No.  8,  Catalogue  No.  153355.  The 
process  of  preparing  it  is  as  follows :  They  put  into  a  pot  of  water  some 
of  the  leaves  of  the  sumac,  and  as  many  of  the  branchlets  as  can  be 
crowded  in  without  much  breaking  or  crushing,  and  the  water  is 
allowed  to  boil  for  five  or  six  hours  until  a  strong  dex^oction  is  made. 
While  the  water  is  boiling  they  attend  to  other  parts  of  the  process. 
The  ocher  is  reduced  to  a  fine  powder  between  two  stones  and  then 
slowly  roasted  over  the  fire  in  an  earthen  or  metal  vessel  until  it  as- 
sumes a  light-brown  color;  it  is  then  taken  from  the  fire  and  combined 
with  about  an  equal  quantity  in  size  of  pinon  gum;  again  the  mixture 
is  put  on  the  fire  and  constantly  stirred.  At  ibrst  the  gum  melts  and 
the  whole  mass  assumes  a  mushy  consistency ;  but  as  the  roasting  prog- 
resses it  gradually  becomes  dryer  and  darker  until  it  is  at  last  reduced 
to  a  fine  black  powder.  This  is  removed  from  the  fire,  and  when  it  has 
cooled  somewhat  it  is  thrown  into  the  decoction  of  sumac,  with  which 
it  instantly  forms  a  rich,  blue-black  fluid.  This  dye  is  essentially  an 
ink,  the  tannic  acid  of  the  sumac  combining  with  the  sesquioxide  of 
iron  in  the  roasted  ocher,  the  whole  enriched  by  the  carbon  of  the  cal- 
cined gum. 

The  eflfect  and  color  of  the  dyes  are  shown  in  the  accompanying 
sx)ecimens  on  wool  of  the  Nav^o  sheep. 

No.  1.  Cat.  No.  153348.    Blue— dyed  with  indigo. 

No.  2.  Cat.  No.  153349.  Yellow — ^a  decoction  of  the  flowering  tips  of 
Bigelovia  graveolenSy  mixed  with  almogen  (a  native  impure  alum). 

No.  3.  Cat.  No.  153350.  Dull  red— dyed  with  bark  of  Alder,  Almus 
incana^  var  Viresceno  (Watson),  and  bark  of  Cercocarpus  parvifolius^  a 
kind  of  mountain  mahogany;  the  mordant,  fine  ashes  of  the  juniper. 

No.  4.  Cat.  No.  153351.  Orange — dyed  with  roots  of  a  sorrel — 
Bumex  hymeuosepolum. 

No.  5.  Cat.  No.  153352.  Wool— half  natural  white  and  half  dyed 
black,  carded  together. 

No.  6.  Cat.  No.  153353.  Black  dye — made  of  a  decoction  of  the  twigs 
and  leaves  of  aromatic  sumac,  Rhus  aromatica^  yellow  ocher  and  gum 
of  pinon,  Pinus  edulis. 

No.  7.  Cat.  No.  153354.    Native  ocher — for  making  the  black  dye. 

No.  8.  Cat.  No.  153355.  Powder  of  yellow  ocher  and  pinon  gum, 
calcined  together — for  making  black  dye. 
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SOME  OF  THE  POSSIBILITIES  OF  ECONOMIC  BOTANY. 


By  Geoege  Lincoln  (iooDALE. 


The  subject  which  I  have  selected  for  the  valedictory  address  deals 
with  certaiu  industrial,  commercial,  and  economic  questions:  neverthe- 
less its  lies  wholly  within  the  domain  of  botany.  I  invite  you  to  ex- 
amine with  me  some  of  the  i)ossibilities  of  economic  botany. 

Of  course,  when  treating  a  topic  which  is  so  largely  speculative  as 
this,  it  is  difficult  and  unwise  to  draw  a  hard  and  fast  line  between 
possibilities  and  probabilities.  Nowadays  possibilities  are  so  often 
realized  rapidly  that  they  become  accomplished  facts  before  we  are 
aware. 

In  asking  what  are  the  possibilities  that  other  plants  than  those  we 
now  use  may  be  utilized  we  enter  upon  a  many-sided  inquiry.t  Specu- 
lation is  rife  as  to  the  coming  man.  May  we  not  ask  what  plants  the 
coming  man  will  use! 

There  is  an  enormous  disproiwrtion  between  the  total  number  of 
species  of  plants  known  to  botani(;al  science  and  the  number  of  those 
which  are  employed  by  man. 

The  species  of  flowering  plants  already  described  and  named  are  about 
107,000.  Acquisitions  from  unexplored  or  imperfectly  explored  regions 
may  increase  the  aggi'Cgate  i)erhaps  one-tenth,  so  that  we  are  within 


•Presidential  address  delivered  before  the  American  Association  for  the  Advance- 
ment of  Science,  at  Washington,  August,  1891,  from  the  Proceedings  Am,  Assoc,  Adv, 
Set.,  1891,  vol.  XL,  pp.  1-38;  also,  tlw  American  Journal  of  Science,  October,  1891,  vol. 
XLii,  pp.  273-303. 

t  The  following  are  among  the  more  useful  works  of  a  general  character,  dealing 
with  the  subject.  Others  are  referred  to  either  in  the  text  or  notes.  The  reader 
may  consult  also  the  list  of  works  on  Economic  Botany  in  the  catalogue  published 
by  the  Linniean  Society : 

Select  Extra-iro^cal  Plants,  readily  eligible  for  industrial  culture  or  naturaliza- 
tion, with  indications  of  their  native  countries  and  some  of  their  uses.  By  Baron 
Fred,  von  Mueller,  K.  C.  M.  G.,  F.  R.  S.,  etc.,  Government  Botanist  for  Victoria. 
(Melbourne),  1888.  Seventh  edition,  revised  and  enlarged.  At  the  close  of  his 
treatise  on  industrial  plants,  Baron  von  Mueller  has  grouped  the  genera  indicating 
the  diftVrent  classes  of  uHeful  products  in  such  a  manner  that  we  can  ascertain  the 
respective  numbers  belonging  to  the  genera.    Of  course  many  of  tbese  genera  figure 
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very  safe  limits  in  taking  the  number  of  existing  species  to  be  some- 
what above  110,000.* 

Now  if  we  should  make  a  comprehensive  list  of  all  the  flowering  plants 
which  are  cultivated  on  what  we  may  call  a  fairly  large  scale  at  the 
present  day,  placing  therein  all  foodt  and  forage  plants,  all  those  which 
are  grown  for  timber  and  cabinet  woods,  for  fibers  and  cordage,  for 
tanning  materials,  dyes,  resins,  rubber,  gums,  oils,  perfumes,  and  medi- 
cines, we  could  bring  together  barely  300  species.  If  we  should  add 
to  this  short  catalogue  all  the  species  which  without  cultivation 
can  be  used  by  man,  we  should  find  it  considerably  lengthened.  A 
gieat  many  products  of  the  classes  just  referred  to  are  derived  in 
commerce  from  wild  plants,  but  exactly  how  much  their  addition  would 
extend  the  list  it  is  impossible,  in  the  present  state  of  knowledge,  to 
determine.  Every  enumeration  of  this  character  is  likely  to  contain 
errors  from  two  sources:  First,  it  would  be  sure  to  contain  some 
species  which  have  outlived  their  real  usefulness;  and,  secondly,  owin^ 
to  the  chaotic  condition  of  the  literature  of  the  subject,  omissions  would 
occur. 

But,  after  all  proper  exclusions  and  additions  have  been  made,  the 
total  number  of  species  of  flowering  plants  utilized  to  any  considerable 
extent  by  man  in  his  civilized  state  does  not  exceed,  in  fact  it  does  not 
quite  reach,  1  per  cent. 

in  more  than  one  category.  He  has  also  arranged  the  plants  according  to  the  coun- 
tries naturally  producing  them. 

Useful  Native  Planta  of  Australia  (including  Tasmania).  By  J.  H.  Maiden,  F.L.S., 
Curator  of  the  Technological  Museum  of  New  South  Wales,  Sydney.    Sydney,  1889. 

See  also  note  19. 

Handbook  of  Commercial  Geography,  By  George  G.  Chisholm,  M.  A.,  B.  So.  Lon- 
don, 1889. 

New  Commercial  Planta^  with  directions  how  to  grow  them  to  the  best  advantage. 
By  Thomas  Christy.    London,  Christy  Sl  Co. 

Dictionary  of  popular  names  of  the  plants  which  furnish  the  natural  and  acquired 
wants  of  man.    By  John  Smith,  A.  L.  S.    London,  1882. 

Cultivated  Plants,  Their  propagation  and  improvement.  By  F.  W.  Burbage. 
London,  1877. 

Tlie  Wanderings  of  Plants  and  animals  from  their  first  home.  By  Victor  Hehn, 
edited  by  James  Steven  Stallybrass.    London,  1885. 

Researches  into  the  Early  History  of  Mankind  and  the  development  of  civilization. 
By  Edward  B.  Tylor,  D.C.L.,  L.L.D.,  F.R.S.    1878. 

"  The  number  of  species  of  Phcenogamia  has  been  given  by  many  writers  as  not 
far  from  150,000.  But  the  total  number  of  species  recognized  by  Bentham  and 
Hooker  in  the  Genera  Plantarum  (Durand's  Index)  is  100,220,  in  210  Natural  Orders 
and  8,417  genera. 

tDi.  E.  Lewis  Sturtevant,  to  whose  kindness  I  am  indebted  for  great  assistance  in 
the  matter  of  references,  has  placed  at  my  disposal  many  of  his  notes  on  edible  plants, 
etc.  From  his  enumeration  it  appears  that  if  we  count  all  the  plants  which  have 
been  cultivated  for  food  at  one  time  or  another,  the  list  contains  1,192  species,  but  if 
we  count  all  the  plante»  which  "either  habitually  or  during  famine  periods  are  re- 
coided  to  have  been  eaten,"  we  obtaiual^  of  no  less  than  4,690  species,  or  about  3j 
per  cent  of  all  known  s-*""  "^^^iBnt.  as  Sir  Joseph  Hooker  has  said,  the 

products  of  many  plant  ^flot  lit  to  eat. 


LUal^  of  n( 

Digitized  byi^zOOSlC 


SOME   OF   THE   POSSIBILITIES   OF   ECONOMIC   BOTANY.        619 

The  disproportion  between  the  plants  which  are  known  and  those 
which  are  used  becomes  much  greater  when  we  take  into  account  the 
species  of  flowerless  plants  also.  Of  the  500  ferns  and  their  allies  we 
employ,  for  other  than  decorative  purposes,  only  5;  the  mosses  and 
liverworts,  roughly  estimated  at  500  species,  have  only  4  which  are 
directly  used  by  man.  There  are  comparatively  few  algse,  fungi,  or 
lichens  which  have  extended  use. 

Therefore,  when  we  take  the  flowering  and  flowerless  together,  the 
X)ercentage  of  utilized  plants  falls  far  below  the  estimate  made  for  the 
flowering  alone. 

Such  a  ratio  between  the  number  of  species  known  and  the  number 
used  justifies  the  inquiry  which  I  have  proposed  for  discussion  at  this 
time,  namely,  can  the  short  list  of  useful  plants  be  increased  to  advan- 
tage!   If  so,  how! 

This  is  a  practical  question;  it  is  likewise  a  very  old  one.  In  one 
form  or  another,  by  one  people  or  another,  it  has  been  asked  from  early 
times.  In  the  dawn  of  civilization  mankind  inherited  from  savage  an- 
cestors certain  plants,  which  had  been  found  amenable  to  simple  culti- 
vation, and  the  products  of  these  plants  supplemented  the  spoils  of  the 
chase  and  of  the  sea.  The  question  which  we  ask  now  was  asked  then. 
Wild  plants  were  examined  for  new  uses;  primitive  agriculture  and 
horticulture  extended  their  bounds  in  answer  to  this  inquiry.  Age 
after  age  has  added  slowly  and  cautiously  to  the  list  of  cultivable  and 
utilizable  plants,  but  the  aggregate  additions  have  been,  as  we  have 
seen,  comparatively  slight. 

The  question  has  thus  no  charm  of  novelty,  but  it  is  as  practical 
to-day  as  in  early  ages.  In  fact,  at  the  present  time,  in  view  of  all  the 
appliances  at  the  command  of  modem  science  and  under  the  strong 
light  cast  by  recent  biological  and  technological  research,  the  inquiry 
wliich  we  propose  assumes  great  importance.  One  phase  of  it  is  being 
attentively  and  systematically  regarded  in  the  great  exi)eriment  sta- 
tions, another  phase  is  being  studied  in  the  laboratories  of  chemistiy 
and  pharmacy,  while  still  another  presents  itself  in  the  museums  of 
economic  botany. 

Our  question  may  be  put  in  other  words,  which  are  even  more  prac- 
tical. What  present  likelihood  is  there  that  our  tables  may,  one  of 
these  days,  have  other  vegetables,  fruits,  and  cereals  than  those  which 
we  use  now!  What  chance  is  there  that  new  fibers  may  supplemeut 
or  even  replace  those  which  we  spin  and  weave,  that  woven  fabrics 
may  take  on  new  vegetable  colors,  that  flowers  and  leaves  may  yield 
new  perfumer  and  flavors!  What  probability  is  there  that  new  reme- 
dial agents  may  be  found  among  plants  neglected  or  now  wholly  un- 
known! The  answer  which  I  shall  attempt  is  not  in  the  nature  of  a 
prophecy;  it  can  claim  no  rank  higher  than  that  of  a  reasonable  con- 
jecture. 

At  the  outset  it  must  be  said  that  synthetic  chemistry  has  made  and 
is  making  some  exceedingly  short  cuts  across  this  field  of  research. 
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giving  us  urtitieial  dyt\s,  odors,  Havors,  aud  medicinal  substances,  of 
such  excellence  that  it  sonietiines  neeins  as  if  befoi*e  long  the  old-fash- 
ioued  chemical  processes  in  the  i>laut  itself  would  play  only  a  subordi- 
uate  part.  But  although  there  is  no  telling  where  the  triumphs  of 
chemical  synthesis  will  end,  it  is  not  probable  that  it  will  ever  interfere 
essentially  with  certain  classes  of  economic  plants.  It  is  impossible  to 
conceive  of  a  synthetic  fiber  or  a  synthetic  fruit.  Chemistry  gives  us 
fruit  ethers  and  fruit  acids,  and  after  a  while  may  provide  us  with  a 
true  artificial  sugar  and  amorphous  starch;  but  artificial  fruits  worth 
the  eating,  or  artificial  fibers  worth  the  spinning,  are  not  coming  in  our 
day. 

Despite  the  extraordinary  achievements  of  synthetic  chemistry,  the 
world  must  be  content  to  jiccept,  for  a  long  time  to  come,  the  results  of 
the  intelligent  labor  of  the  cultivator  of  the  soil  and  the  explorer  of  the 
forest.  Improvement  of  the  good  plants  we  now  utilize,  and  the  dis- 
covery of  new  ones,  must  remain  the  care  of  large  numbers  of  diligent 
students  and  assiduous  workmen.  So  that  in  fact  our  question  re- 
solves itself  into  this:  Can  these  practical  investigators  hope  to  make 
any  substantial  advance! 

It  will  be  well  to  glance  first  at  the  manner  in  which  our  wild  and 
cultivated  plants  have  been  singled  out  for  use.  We  shall,  in  the  case 
of  each  class,  allude  to  the  methods  by  which  the  selected  plants  have 
been  improved,  or  their  products  fully  utilized.  Thus  looking  the  ground 
over,  although  not  minutely,  we  can  see  what  new  plants  are  likely  to 
be  added  to  our  list.  Our  illustrations  can  at  the  best  be  only  frag- 
mentary. 

We  shall  not  have  time  to  treat  the  different  divisions  of  the  subject 
in  precisely  the  proportions  which  would  be  demanded  by  an  exhaust- 
ive essay;  an  address  on  an  occasion  like  this  must  pass  lightly  over 
some  matters  which  other  opportunities  for  discussion  could  properly 
examine  with  great  fulness.  Unfortunately,  some  of  the  minor  topics 
which  must  be  thus  passed  by  i)ossess  considerable  popular  interest; 
one  of  these  is  the  first  subordinate  question  introductory  to  our  task, 
namely,  how  were  our  useful  cultivated  and  wild  plants  selected  for 
use! 

A  study  of  the  early  history  of  plants  employed  for  ceremonial  pur- 
poses, in  religious  solemnities,  in  incantations,  and  for  medicinal  uses, 
shows  how  slender  has  sometimes  been  the  claim  of  certain  plants  to 
the  possession  of  any  real  utility.  But  some  of  the  plants  which  have 
been  brought  to  notice  in  these  ways  have  afterwards  been  found  to  be 
utilizable  in  some  fashion  or  other.  This  is  often  seen  in  the  cases  of 
the  plants  which  have  been  suggested  for  medicinal  use  through  the 
absurd  doctrine  of  signatures.* 

It  seems  clear  that  excei)t  in  modem  times  useful  i)lants  have  been 
selected  almost  wholly  by  chance,  and  it  may  well  be  said  that  a  selec- 

*  The  Folk-lAne  of  PlanUt.     By  T.  F.  ThiKelton  Dyer.     1889. 
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tiou  by  accident  is  no  selection  at  all.  Nowadays  the  new  selections 
are  based  on  analogy.  One  of  the  most  striking  illustrations  of  the 
modern  method  is  afforded  by  the  utilization  of  bamboo  fiber  for  electric 
lamps. 

Some  of  the  classes  of  useful  plants  must  be  passed  by  without  pres- 
ent discussion,  others  alluded  to  slightly,  while  still  other  groups 
fairly  representative  of  selection  and  imi)rovement  will  be'more  fiilly 
described.  In  this  latter  class  would  naturally  come,  of  course,  the 
food  plants  known  as 

I. — THE  CEREALS. 

Let  us  look  first  at  these.  The  species  of  grasses  which  yield  these 
seed-like  fraits,  or,  as  we  might  call  them  for  our  purpose,  seeds,  are 
numerous;*  20  of  them  are  cultivated  largely  in  the  Old  World,  but 
only  six  of  them  are  likely  to  be  very  familiar  to  you,  namely,  whea.t, 
rice,  barley,  oats,  rye,  and  maize.  The  last  of  these  is  of  American 
origin,  despite  doubts  which  have  been  cast  upon  it.  It  was  not  known 
in  the  Old  World  until  after  the  discovery  of  the  New.  It  has  prob- 
ably been  very  long  in  cultivation.  The  others  all  belong  to  the  Old 
World.  Wheat  and  barley  have  been  cultivated  from  the  earliest 
times;  according  to  De  Candolle,  the  chief  authority  in  these  matters, 
about  four  thousand  years.  Later  came  rye  and  oats,  both  of  which 
have  been  known  in  cultivation  for  at  least  two  thousand  years.  Even 
the  shorter  of  these  periods  gives  time  enough  for  wide  variation,  and 
as  is  to  be  expected  there  are  numerous  varieties  of  them  all.  For  in- 
stance, Vilmoriu,  in  1880,  figured  sixty-six  varieties  of  wheat  with 
plainly  distinguishable  characters.! 

If  the  Chinese  records  are  to  be  trusted,  ric^e  has  been  cultivated  for 
a  period  much  longer  than  that  assigned  by  (mr  history  and  traditions 
to  the  other  cereals,  and  the  varieties  are  correspondingly  numerous. 
It  is  said  that  in  Japan  above  three  hundred  varieties  are  grown  on 
irrigated  lands,  and  more  than  one  hundred  on  uplands.^ 

With  the  possible  exception  of  rice,  not  one  of  the  spe<;ies  of  cereals 
is  certainly  known  in  the  wild  8tate.§  Now  and  then  specimens  have 
been  gathered  in  the  East  which  can  be  referred  to  the  probable  types 
from  which  our  varieties  have  sprung,  but  doubt  has  been  thrown 
upon  every  one  of  these  cases.  It  has  been  shown  conclusively  that 
it  is  easy  for  a  plant  to  escape  from  cultivation  and  persist  in  its  new 


*  In  Dr.  Sturtevant's  list,  88  species  of  Graminea;  are  counted  as  food  plants  under 
cultivation,  while  the  number  of  species  in  this  order  which  cau  be  or  have  been 
utilized  as  food  amounts  to  146.  Our  smaller  number,  20,  comprise-s  only  those  which 
have  been  grown  ou  a  largo  scale  anywhere. 

t  "In  the  Agricultural  Museum  .it  Poppelsdorf,  600  varieties  are  exhibited." 

t  E.  L.  S.  in  letter.     Quoted  from  Seedsman's  catalogue. 

$  The  best  account  of  the  early  history  of  these  and  other  cultivat-ed  ]>lants  can 
be  found  in  the  classical  work  of  De  (^andolle  "  Online  den  Ptanles  CuH'tr^es  (Paris) 
translated  in  the  International  8eri<»s,  HxHiory  of  CuHivated  Plants  (N.  Y.j.  The 
reader  should  consult  also  Darwin's  Juimah  and  Plants  nndei-  Domestication. 
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home  even  for  a  long  time  in  a  near  approximation  to  cultivated  form. 
Hence,  we  are  forced  to  receive  all  statements  regarding  the  wild 
forms  with  caution.  But  it  may  be  safely  said  that  if  all  the  varieties 
of  cereals  which  we  now  cultivate  were  to  be  swept  out  of  existence, 
we  could  hardly  know  where  to  turn  for  wild  species  with  which  to 
begin  again.    We  could  not  know  with  certainty. 

To  bring  this  fact  a  little  more  vividly  to  our  minds,  let  us  suppose  a 
case.  Let  us  imagine  that  a  blight  without  parallel  has  brought  to  ex- 
tinction all  the  forms  of  wheat,  rice,  rye,  oats,  barley,  and  maize,  now  in 
cultivation,  but  without  affecting  the  other  grasses  or  any  other  form 
of  vegetable  food.  Mankind  would  be  obliged  to  subsist  upon  the  other 
kindly  firuits  of  the  earth ;  upon  root  crops,  tubers,  leguminous  seeds, 
and  so  on.  Some  of  the  substitutions  might  be  amusing  in  any  other 
time  than  that  of  a  threatened  famine.  Others  would  be  far  from  apiietiz- 
ing  under  any  condition,  and  only  a  few  would  be  wholly  satisfying  even 
to  the  most  pronounced  vegetarian.  In  short,  it  would  seem  from  the 
first,  that  the  cereals  fill  a  place  occupied  by  no  other  plants.  The  com- 
position of  the  grains  is  theoretically  and  i)ractically  almost  perfect  as 
regards  food  ratiobetween  the  nitrogenous  matters  and  the  starch  group ; 
and  the  food  value,  as  it  is  termed,  is  high.  But  aside  from  these 
considerations,  it  would  be  seen  that  for  safety  of  preservation  through 
considerable  periods,  and  for  convenience  of  transportation,  the  cere- 
als take  highest  rank.  Pressure  would  come  from  every  side  to  compel 
us  to  find  equivalents  for  the  lost  grains.  From  this  predicament  I 
believe  that  the  well-equipiMjd  Experiment  Stations  and  the  Agri- 
cultural Departments  in  Europe  and  America  would  by  and  by  extri- 
cate us.  Continuing  this  hypothetical  case,  let  us  next  inquire  how 
the  stations  would  probably  go  to  work  in  the  up-hill  task  of  making 
partially  good  a  well-nigh  irreparable  loss. 

The  whole  group  of  relatives  of  the  lost  cereals  would  be  passed  iu 
strict  review.  Size  of  grain,  strength  and  vigor  and  plasticity  of  stock, 
adaptability  to  different  surroundings,  and  flexibility  in  variation  would 
be  examined  with  scrupulous  care. 

But  the  range  of  experiment  would,  under  the  circumstances,  extend 
far  beyond  the  relatives  of  our  present  cereals.  It  would  embrace  an 
examination  of  the  other  grasses  which  are  even  now  cultivated  for 
their  grains,  but  which  are  so  little  known  outside  of  their  own  limit 
that  it  is  a  surprise  to  hear  about  them.  For  example,  the  millets, 
great  and  small,  would  be  investigated.  These  grains,  so  little  known 
here*,  form  an  important  crop  in  certiiiu  parts  of  the  East.  One  of  the 
leading  authorities  on  the  subject*  statt»s  that  the  millets  constitute 


Food  gratM  of  India^  A.  H.  Church,  Loudon,  1886,  p.  34.     In    this  instructive 
the  reMUr  will  find  much  information  rogardiuj;  the   h^s  common  articles 
fmmentacenm  Prof,  (ieorj^t^son  Htat«s  iu    a  letter  that   it  is 
which  is  usod  for  food,  hut  here  would  take  rank  ad  a 
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"a  more  important  crop"  in  India  "than  either  rice  or  wheat,  and 
are  grown  more  extensively,  being  raised  from  Madras  in  the  south  to 
Bajpntana  in  the  north.  They  occupy  about  83  per  cent  of  the  food 
grain  area  in  Bombay  and  Sinde,  41  jmr  cent  in  the  Punjab,  39  per 
cent  in  the  Central  Provinces,''  "  in  all  about  30,000,000  acres." 

Having  chosen  proper  subjects  for  experimenting,  the  cultivators 
would  make  use  of  certain  well-known  principles.  By  simple  selection 
of  the  more  desirable  seeds,  strains  would  be  secured  to  suit  definite 
wants,  and  these  strains  would  be  kejit  as  races,  or  attempts  would  be 
made  to  intensify  wished-for  characters.  By  skillful  hybridizing  of  the 
first,  second,  and  higher  orders,  tendencies  to  wider  variation  would  be 
obtained  and  the  process  of  selection  considerably  expedited.* 

It  is  out  of  our  power  to  predict  how  much  time  would  elapse  before 
satisfactory  substitutes  for  our  cereals  (50uld  be  found.  In  the  im- 
provement of  the  grains  of  grasses  other  than  those  which  have  been 
very  long  under  cultivation,  experiments  have  been  few,  scattered,  and 
indecisive.  Therefore  we  are  as  badly  off  for  time  ratios  as  are  the 
geologists  and  archaeologists,  in  their  statements  of  elapsed  periods* 
It  is  impossible  for  us  to  ignore  the  fact  that  there  appear  to  be  occa- 
sions in  the  life  of  a  species  when  it  seems  to  be  peculiarly  susceptible 
to  the  influences  of  its  surroundings.t  A  species,  like  a  carefully  laden 
ship,  represents  a  balancing  of  forces  within  and  without.  Disturbance 
may  come  through  variation  from  within,  as  from  a  shifting  of  the  cargo, 
or  in  some  ca«es  firom  without.  We  may  suppose  both  forces  to  be 
active  in  producing  variation,  a  change  in  the  internal  condition  ren- 
dering the  plant  more  susceptible  to  any  change  in  its  surroundings. 
Under  the  influence  of  any  marked  disturbance,  a  state  of  unstable 
equilibrium  may  be  brought  about,  at  which  times  the  si>ecies,  as  such, 
is  easily  acted  upon  by  very  slight  agencies. 

One  of  the  most  marked  of  these  derangements  is  a  consequence  of 
cross-breeding  within  the  extreme  limits  of  varieties.  The  resultant 
forms  in  such  cases  can  persist  only  by  close  breeding  or  by  propaga- 
tion from  buds  or  the  equivalents  of  buds.  Disturbances  like  these 
arise  unexpectedly  in  the  ordinary  course  of  nature,  giving  us  sports 
of  various  kinds.  These  critical  periods  however  are  not  unwelcome, 
since  skillful  cultivators  can  take  advantage  of  them.  In  this  very 
field  much  has  been  accomplished.    An  attentive  study  of  the  saga- 


*  In  order  to  avoid  possible  misapprehension,  it  should  be  stated  that  there  are  a 
few  persons  who  hold  that  at  least  some  of  our  cereals,  and  other  cultivated  plants, 
for  that  matter,  have  not  undergone  material  improvement  but  are  essentiaUy  un- 
modified progeny.  Under  this  view,  if  we  could  look  back  into  the  farthest  past, 
we  should  see  our  cereals  growing  wild  and  in  such  admirable  condition  that  we 
should  unhesitatingly  select  them  for  immediate  use.  This  extreme  position  is  un- 
tenable. Again,  there  are  »  few  extremistH  who  hold  that  some  plants  under  culti- 
vation have  reached  their  culminating  point,  and  must  now  remain  stationary  or 
begin  to  retrograde. 

tGray^s  Botanical  Text  Book,  vols,  i  and  ii. 
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cious  work  done  by  Thomas  Andrew  Knight  shows  to  what  extent  this 
can  be  done.*  Bnt  we  must  confess  that  it  would  be  absolutely  imi)08- 
sible  to  predict  with  certainty  how  long  or  how  short  would  be  the 
time  before  new  cereals  or  acceptable  equivalents  for  them  would  be 
provided.  Upheld  by  the  confidence  which  I  have  in  the  intelligence^ 
ingenuity,  and  energy  of  our  Experiment  Stations,  I  may  say  that  the 
time  would  not  probably  exceed  that  of  two  generations  of  our  race,  or 
half  a  century. 

In  now  laying  aside  our  hypothetical  illustration,  I  venture  to  ask 
why  it  is  that  our  Experiment  Stations  and  other  institutions  dealing 
with  plants  and  their  improvement  do  not  undertake  investigations 
like  those  which  I  have  sketched!  Why  are  not  some  of  the  gi^asses 
other  than  our  present  cereals  studied  with  reference  to  their  adoption 
as  food  grains!  One  of  these  species  will  naturally  suggest  itself  to 
you  all,  namely,  the  Wild  Rice  of  the  Lakes.t  Observations  have 
shown  that  were  it  not  for  the  diflBculty  of  harvesting  these  grains 
which  fall  too  easily  when  they  are  rix)e,  they  might  be  utilized.  But 
attentive  search  might  find  or  educe  some  variety  of  Zizania  with  a 
more  persistent  grain  and  a  better  yield.  There  are  two  of  our  sea- 
shore grasses  which  have  excellent  grains,  but  are  of  small  yield 
Why  are  not  these,  or  better  ones  which  might  be  suggested  by  obser- 
vation, taken  in  hand! 

The  reason  is  plain.  We  are  all  content  to  move  along  in  lines  of 
least  resistance,  and  are  disinclined  to  make  a  fresh  start.  It  is  merely 
leaving  well  enough  alone,  and  so  far  as  the  cereals  are  concerned  it  is 
indeed  well  enough.  The  generous  grains  of  modern  varieties  of  wheat 
and  barley  compared  with  the  well-preserved  charred  vestiges  found  in 
Greece  by  Schliemann,t  and  in  the  lake  dwelling8,§  are  satisfactory  in 


*  J  Selection  from  the  Physiological  and  Horticultural  PapcrHy  published  in  the  Trans- 
actious  of  the  Royal  and  Horticultural  Societien,  by  the  late  Thomas  Andrew  Knight, 
esq.,  president  of  the  Hort.  Soc.  London  (London),  184L 

t  Illustrations  of  the  Manners  and  Customs  and  Condition  of  the  North  American  Indians, 
By  George  Catlin,  London,  1876.  A  reprint  of  the  account  published  in  1841  of  travels 
in  1832-1840.  **  Plate  278  is  a  party  of  8ioux,  in  bark  canoes  (purchased  of  the  Chip- 
pewas),  gathering  the  wild  rice,  which  grows  in  immense  fields  around  the  shores  of 
the  rivers  and  lakes  of  these  northern  regions,  and  used  by  the  Indians  as  an  article 
of  food.  The  mode  of  gathering  it  is  curious,  and,  as  seen  in  the  drawing,  one  woman 
paddles  the  canoe,  whilst  another,  with  a  stick  in  each  hand,  bends  the  rice  over  the 
canoe  with  one  and  strikes  it  with  the  other,  which  shakes  it  into  the  canoe,  which 
is  constantly  moving  along  until  it  is  filled."    Vol.  ii,  p.  208. 

tSchliemann'soarbonized  specimens  exhumed  in  Greece  are  said  to  be  **  very  hard, 
fine-grained,  sharp,  very  flat  on  grooved  side,  different  from  any  wheats  now  known.'' 
Am.  Aniiq.,  1880,  66.  The  carbonized  grains  in  the  Peabody  Museum  at  Cambridge, 
Mass.,  are  small. 

^  Prehistoric  Times,  as  illustrated  by  ancient  remains  and  the  manners  and  customs 
of  moderu  savages.  By  .John  Lubbock,  Bart.  (New  York),  4th  edn.,  1886.  ^*  Three 
varieties  of  wheat  were  cultivated  by  the  Lake  Dwellers,  who  also  possessed  two 
kinds  of  barley  and  two  of  millet.     Of  these  the  most  ancient  and  most  important 
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every  respect.  Improvements  however  are  making  in  many  direc- 
tions; and  in  the  cereals  we  now  have,  we  possess  far  better  and  more 
satisfactory  material  for  further  improvement,  both  in  quality  and  as 
regards  range  of  distribution,  than  we  could  reasonably  hope  to  have 
from  other  grasses. 

From  the  cereals  we  may  turn  to  the  interesting  groups  of  plants 
comprised  under  the  general  term. 

II. — VEGETABLES. 

Under  this  term  it  will  be  convenient  for  us  to  include  all  plants 
which  are  employed  for  culinary  purposes  or  for  table  use,  such  as 
salads  and  relishes. 

The  potato  and  sweet  potato,  the  pumpkin  and  squash,  tlie  red  or 
capsicum  peppers,  and  the  tomato  are  of  American  origin. 

All  the  others  are  most  probably  natives  of  the  Old  World.  Only 
one  plant  coming  in  this  class  has  been  derived  from  southern  Aus- 
tralasia, namely,  New  Zealand  spinach  {Tetrdgonia), 

Among  the  vegetables  and  salad  plants  longest  in  cultivation  we 
may  enumerate  the  following:  Turnip,  onion,  cabbage,  purslane,  the 
large  bean  (Faba),  chick-pea,  lentil,  and  one  species  of  pea — garden  pea. 
To  these  an  antiquity  of  at  least  four  thousand  years  is  ascribed. 

Kext  to  these,  in  point  of  age,  come  the  radish,  carrot,  beet,  garlic, 
garden-cress,  and  celery,  lettuce,  asparagus,  and  the  leek.  Three  or 
four  leguminous  seeds  are  to  be  placed  in  the  same  category,  as  are  also 
the  black  peppers. 

Of  more  recent  introduction,  the  most  prominent  are  the  i>ar8nip, 
oyster  plant,  parsley,  artichoke,  endive,  and  spinach. 

From  these  lists  I  have  purposely  omitted  a  few  which  belong  ex- 
clusively to  the  tropics,  such  as  certain  yams. 

The  number  of  varieties  of  these  vegetables  is  astounding.  It  is  of 
course  impossible  to  discriminate  between  closely  allied  varieties  which 
have  been  introduced  by  gardeners  and  seedsmen  under  different 
names,  but  which  are  essentially  identical,  and  we  must  therefore  have 
recourse  to  a  conservative  authority,  Viimorin,*  from  whose  work  a  few 


were  the  six-rowed  barley  and  smaU  *Lake  Dwellers'"  wheat.  The  discovery  of 
Egyptian  wheat  (Triticum  turgidum)  at  Wangen  and  Robenhausen  is  particularly 
interesting.  Oats  were  cultivated  during  the  bronze  age,  but  are  absent  from  aU 
the  stone  age  viUages.  Rye  was  also  unknown/'  p.  216.  **  Wheat  is  most  common, 
having  been  discovered  at  Merlen,  Moosseedorf,  and  Wangen.  At  the  latter  place, 
indeed,  many  bushels  of  it  were  found,  the  grains  being  in  large,  thick  lumps.  In 
other  oases  the  grains  are  free,  and  without  chaff,  resembling  our  present  wheat  in 
size  and  form,  while  more  rarely  they  are  still  in  the  ear.''  One  hundred  and  fifteen 
species  of  plants  have  been  identified.    Heer  Keller. 

* Les  Plante$  Potaghes,  Vilmorin,  Paris.  Translated  into  English  under  the  direc- 
tion of  W.  Robinson,  editor  of  the  (London)  ** Garden,"  1885,  and  entitled  The  Veg* 
etahle  Garden, 

H.  Mis.  334,  pt.  1 40 
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examples  have  been  selected.  The  varieties  which  he  accepts  are  suf- 
ficiently well  distinguished  to  admit  of  description,  and  in  most  instances 
of  delineation,  without  any  danger  of  confusion.  The  potato  has,  he 
says,  innumerable  varieties,  of  which  he  accepts  forty  as  easily  distin- 
guishable and  worthy  of  a  place  in  a  general  list,  but  he  adds  also  a 
list,  comprising  of  course  synonyms,  of  thirty-two  French,  twenty-six 
English,  nineteen  American,  and  eighteen  German  varieties.  The  fol- 
lowing numbers  speak  for  themselves,  all  being  selected  in  the  same 
careful  manner  as  those  of  the  potato;  celery  more  than  twenty;  carrot 
more  than  thirty;  beet,  radish,  and  potato  more  than  forty;  lettuce  and 
onion  more  than  fifty ;  turnip  more  than  seventy;  cabbage,  kidney  bean, 
and  garden  pea  more  than  one  hundred. 

The  amount  of  horticultural  work  which  these  numbers  represent  is 
enormous.  Each  variety  established  as  a  race  (that  is,  a  variety  which 
comes  true  to  seed)  has  been  evolved  by  the  same  sort  of  patient  care 
and  waiting  which  we  have  seen  is  necessary  in  the  case  of  cereals,  but 
the  time  of  waiting  has  not  been  as  a  general  thing  so  long. 

You  will  permit  me  to  quote  from  Vilmorin*  also  an  account  of  a  com- 
mon plant,  which  will  show  how  wide  is  the  range  of  variation  and  how 
obscure  are  the  indications  in  the  wild  plant  of  its  available  possibili- 
ties. The  example  shows  how  completely  hidden  are  the  potential 
variations  useful  to  mankind. 

'^  Cabbage,  a  plant  which  is  indigenous  in  Europe  and  western  Asia, 
is  one  of  the  vegetables  which  has  been  cultivated  from  the  earliest 
time.  The  ancients  were  well  acquainted  with  it,  and  certainly  pos- 
sessed several  varieties  of  the  head-forming  kinds.  The  great  antiq- 
uity of  its  culture  may  be  inferred  from  the  immense  number  of  varieties 
which  are  now  in  existence,  and  from  the  very  important  modifications 
which  have  been  produced  in  the  characteristics  in  the  original  or  parent 
plant. 

"  The  wild  cabbage,  such  as  it  now  exists  on  the  coasts  of  England 
and  France,  is  a  i)erennial  plant  with  broad-lobed,  undulated,  thick, 
smooth  leaves,  covered  with  a  glaucus  bloom.  The  stem  attains  aheight 
of  from  nearly  2^  to  over  3  feet,  and  bears  at  the  top  a  spike  of  yellow 
or  sometimes  white  flowers.  All  the  cultivateil  varieties  i)resent  the 
same  peculiarities  in  their  infloresence,  but  up  to  the  time  of  flowering 
they  exhibit  the  most  marked  difterences  from  each  other  and  from  the 
original  wild  plant.  In  niost  of  the  cabbages  it  is  chiefly  the  leaves 
that  are  developed  by  cultivation;  these  for  the  most  part  become  im- 
bricated or  overlap  one  another  closely,  so  as  to  form  a  more  or  less 
compact  head,  the  heart  or  interior  of  which  is  compose<l  of  the  central 
undeveloped  shoot  and  the  younger  leaves  next  it.  The  shape  of  the 
head  is  spherical,  so|^times  flattened,  sometimes  conical.  All  the  va- 
l^in  this  way  are  known  by  the  general  name  of 

t.,  English  edition,  p.  104. 
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cabbages,  while  other  kinds,  with  large  branching  leaves  which  never 
form  heads,  are  distinguished  by  the  name  of  bwecole  or  kale. 

''  In  some  kinds  the  flower  stems  have  been  so  modified  by  culture 
as  to  become  transformed  into  a  thick,  fleshy,  tender  mass,  the  growth 
and  enlargement  of  which  are  produced  at  the  expense  of  the  flowers 
which  are  absorbed  and  rendered  abortive.  Such  are  the  broccolis 
and  cauliflowers." 

But  this  plant  has  other  transformations.  "  In  other  kinds  the  leaves 
retain  their  ordinary  dimensions,  while  the  stem  or  principal  root  has 
been  brought  by  cultivation  to  assume  the  shape  of  a  large  ball  or  tur- 
nip, as  in  the  case  of  the  plants  known  as  Kohl-Rabi  and  turnip-rooted 
cabbage  or  Swedish  turnip.  And  lastly,  there  are  varieties  in  which 
cultivation  and  selection  have  produced  modifications  in  the  ribs  of  the 
leaves,  as  in  the  Couve  Tronchuda,  or  in  the  axilary  shoots  (as  in  Brus- 
sels sprouts),  or  in  several  organs  together,  as  in  the  marrow  kales, 
and  the  Neapolitan  curled  kale.*^ 

Here  are  important  morphological  changes  like  those  to  which  Prof. 
Bailey  has  called  attention  in  the  case  of  the  tomato. 

Suppose  we  are  strolling  along  the  beach  at  some  of  the  seaside  re- 
sorts of  France,  and  should  fall  in  with  this  coarse,  cruciferous  plant, 
with  its  sprawling  leaves  and  strong  odor.  Would  there  be  anything 
in  its  appearance  to  lead  us  to  search  for  its  hidden  merits  as  a  food 
plant  t  What  could  we  see  in  it  which  would  give  it  a  preference  over 
a  score  of  other  plants  at  our  feet  ?  Again,  suppose  we  are  journeying 
in  the  highlands  of  Peru,  and  should  meet  with  a  strong-smelling 
plant  of  the  night-shade  family,  bearing  a  small,  irregular  fruit  of  sub- 
acid taste  and  of  peculiar  flavor.  We  will  further  imagine  that  the 
peculiar  taste  strikes  our  fancy,  and  we  conceive  that  the  plant  has 
possibilities  as  a  source  of  food.  We  should  be  led  by  our  knowledge 
of  the  potato,  probably  a  native  of  the  same  region,  to  think  that  this 
allied  plant  might  be  safely  transferred  to  a  northern  climate,  but  would 
there  be  promise  of  enough  future  usefulness  in  such  a  case  as  this  to 
warrant  our  carrjring  the  plant  north  as  an  article  of  food  t  Suppose, 
further,  we  should  ascertain  that  the  fruit  in  question  was  relished  not 
only  by  the  natives  of  its  home,  but  that  it  had  found  favor  among  the 
tribes  of  South  Mexico  and  Central  America,  and  had  been  cultivated 
by  them  until  it  had  attained  a  large  size,  should  we  be  strengthened 
in  our  venture  !  Let  us  go  one  step  further  still.  Suppose  that  having 
decided  upon  the  Introduction  of  the  plant,  and  having  urged  every- 
body to  try  It,  we  should  find  It  discarded  as  a  fniit,  but  taking  a  place 
in  gardens  as  a  curiosity  under  an  absurd  name,  or  as  a  basis  for  pre- 
serves and  pickles;  should  we  not  look  upon  our  experiment  in  the  In- 
troduction of  this  new  plant  as  a  failure  !  This  is  not  a  hypothetical 
case. 
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The  tomato,*  the  plant  in  question,  was  cultivated  in  Europe  as  long 
ago  as  1554 ;t  it  was  known  in  Virginia  in  1781,  and  in  the  ^Northern 
States  in  1785;  but  it  found  its  way  into  favor  slowly,  even  in  this  land 
of  its  origin.  A  credible  witness  states  that  in  Salem  it  was  almost 
impossible  to  induce  people  to  eat  or  even  tast«  of  the  fruit.  And  yet, 
as  you  are  well  aware,  its  present  cultivation  on  an  enormous  scale  in 
Europe  and  this  country  is  scarcely  sufficient  to  meet  the  increasing 
demand. 

A  plant  which  belongs  to  the  family  of  the  tomato  has  been  known 
to  the  public  under  the  name  of  the  strawberry  tomato).  The  juicy 
yellow  or  orange-colored  fruit  is  inclosed  in  a  papery  calyx  of  large 
size.  The  descriptions  which  were  published  when  the  plant  was  place<l 
on  the  market  were  attractive,  and  were  not  exaggerated  to  a  mislead- 
ing extent.  But,  as  you  all  know,  the  plant  never  gained  any  popu- 
larity. If  we  look  at  these  two  cases  carefully,  we  shall  see  that  what 
appears  to  be  caprice  on  the  part  of  the  public  is  at  bottom  common 
sense.  The  cases  illustrate  as  well  as  any  which  are  at  command  the 
difficulties  which  surround  the  whole  subject  of  the  introduction  of  new 
foods. 

Before  asking  si)ecifically  in  what  direction  we  shall  look  for  new 
vegetables,  I  must  be  pardoned  for  calling  attention,  in  passing,  to  a 
very  few  of  the  many  which  are  already  in  limited  use  in  Europe  and 
this  country,  but  which  merit  a  wider  employment.  Cardon,  or  car- 
doon;  celeriac,  or  turnip-rooted  celery;  fetticus,  or  corn  salad;  mar- 
tynia;  salsify;  sea  kale,  and  numerous  small  salads,  are  examples  of 
neglected  treasures  of  the  vegetable  garden. 

The  following,  which  are  even  less  known,  maybe  mentioned  as  fairly 
promising  4 

(1)  Arrcuiacia  esculenta^  called  Arraca<;ha,  belonging  to  the  parsley 
family.  It  is  extensively  cultivated  in  some  of  the  northern  States  of 
South  America.    The  stems  are  swollen  near  the  base,  and  produce 


•According  to  notes  made  by  Mr  Manning,  Sec.  Massacliusetts  Horticaltural 
Society  (Hist.  Mass.  Hort.  Society),  the  tomato  was  introduced  into  Salem,  Mass., 
about  1802  by  Michele  Felice  Com 6,  an  Italian  painter,  but  he  found  it  difficult  to 
persuade  people  even  to  taste  the  fruit  (Felt's  Annals  of  Salem,  vol.  ii,  631).  It 
was  said  to  have  been  introduced  into  Philadelphia  by  a  French  refugee  from  San 
Domingo,  in  1798.  It  was  used  aB  an  article  of  food  in  New  Orleans  in  1812,  but  was 
not  sold  iu  the  markets  of  Philadelphia  nntil  1829.  It  did  not  come  into  general  use 
in  the  North  until  some  years  after  the  last  named  date. 

t  "In  Spain  and  those  hot  regions  they  use  to  eat  the  (love)  apples  prepared  and 
boiled  with  pepper,  salt,  and  olives;  but  they  yield  very  little  nourishment  to  the 
bodies,  and  the  same  nought  and  corrupt.  Likewise  they  doe  esit  the  apples  with 
oile,  vinegar,  and  pepper  mixed  together  for  sauce  to  their  meat  even  as  we  in  these 
cold  countries  do  mustard."    Gerard's  Herbal,  346. 

X  Commercial  Botany  of  the  Nineteenth  Century,  By  John  R.  Jackson,  A.  L.  S. 
Cassell  and  Company,  Loudon,  1890.  Mr.  Jackson,  who  is  the  curator  of  the 
museums.  Royal  Gardens,  Kew,  has  embodied  in  this  treatise  a  great  amount  of 
valuable  information^  well  arranged  for  ready  reference. 
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tuberous  enlargements  tilled  with  an  excellent  starch.  Although  the 
plant  is  of  comparatively  easy  cultivation,  efforts  to  introduce  it  into 
Europe  have  not  been  successftil,  but  it  is  said  to  have  found  favor  in 
both  the  Indies,  and  may  prove  useful  in  our  Southern  States. 

(2)  ZFlluctis  or  OUucus,  another  tuberous-rooted  plant  from  nearly 
the  same  region,  but  belonging  to  the  beet  or  spinach  family.  It  has 
produced  tubers  of  good  size  in  England,  but  they  are  too  waxy  in 
consistence  to  dispute  the  place  of  the  better  tubers  of  the  potato.  The 
plant  is  worth  investigating  for  our  hot,  dry  lands. 

(3)  A  tuber-bearing  relative  of  our  common  hedge  nettle,  or  Stcbchys^ 
is  now  cultivated  on  a  large  scale  at  Orosnes,  in  France,  for  the  Paris 
market.  Its  name  in  Paris  is  taken  from  the  locality  where  it  is  now 
grown  for  use.  Although  its  native  country  is  Japan,  it  is  called  by 
some  seedsmen  Chinese  artichoke.  At  the  present  stage  of  cultiva- 
tion the  tubers  are  small  and  are  rather  hard  to  keep,  but  it  is  thought 
"  that  both  of  these  defects  can  be  overcome  or  evaded."*  Experi- 
ment's indicate  that  we  have  in  this  species  a  valuable  addition  to  our 
vegetables.    We  must  next  look  at  certain  other  neglected  possibilities. 

Dr.  Edward  Palmer,t  whose  energy  as  a  collector  and  acuteness  as 
an  observer  are  known  to  you  all,  has  brought  together  very  interest- 


*  Gard.  Chron,^  1888. 

\  Department  of  Agriculture  Report  for  1870,  p.  404-428.  Only  those  are  here 
copied  from  Dr.  Palmer's  list  which  he  expressly  states  are  extensively  used. 

Ground  nnt  {Apios  tuherosa);  jEaculns  Califomica;  Agave  Americana;  Ntiphar  ad' 
vena;  prairie  potato  (Paoralta  escuUnIa) ;  Scirpus  lacuatrin;  Sagittaria  variabilis: 
Kamass-root  {Camasaia  esoulenta) ;  Solanum,  Fendleri  (supposed  by  him  to  be  the 
original  of  the  oifltiyated  potato);  acorns  of  various  sort;  mesquit  (Algarohia 
glandulosa);  JuniperuB  occidentalis ;  nuts  of  Carya,  Juglans,  etc.;  screw-bean 
{Strombocarpue pubeacens) ;  various  cactaceee  ;  Yucca;  cherries  and  many  wild  ber- 
ries; Chenopodium  album,  y  etc.  Paoralea  c«ou7«jnte=prairie  potato^  or  bread  root. 
Palmer  in  Agricultural  Report^  1870,  p.  402. 

The  following  from  Catlin,  /.  c.  i,  p.  122: 

"Com  and  dried  meat  are  generally  laid  up  in  the  fall  in  sufficieut  quantities  to 
support  them  through  the  winter.  These  are  the  principal  articles  of  food  during 
that  long  and  iuclement  season ;  and  in  addition  to  them,  they  oftentimes  have  in 
store  great  quantities  of  dried  squashes,  and  dried  '  pommes  blanches/  a  kind  of 
turnip  which  grows  in  great  abundance  in  those  regions.  -  -  -  These  are 
dried  in  great  quantities  and  pounded  into  a  sort  of  meal  and  cooked  with  dried 
meat  and  corn.  Great  quantities  also  are  dried  and  laid  away  in  store  for  the  win- 
ter season,  such  as  buffalo  berries,  service  berries,  strawberries,  and  wild  plums. 
In  addition  to  this  we  had  the  luxury  of  service  berries  without  stint;  and  the 
buffalo  bushes,  which  are  peculiar  to  these  northern  regions,  lined  the  banks  of  the 
river  and  the  defiles  in  the  bluffs,  sometimes  for  miles  together,  forming  almost  impass- 
able hedges,  so  loaded  with  the  weight  of  their  fni it  that  their  boughs  were  seen 
everywhere  gracefully  bending  down  or  resting  on  the  ground.  This  last  shrub  {Shep- 
herdia)f  which  may  be  said  to  be  the  most  beautiful  ornament  that  decks  out  the  wild 
prairies,  forms  a  striking  contrast  to  the  rest  of  the  foliage,  from  the  blue  appear- 
ance of  its  leaves,  by  which  it  can  be  distinguished  for  miles  in  distance.  The  fruit 
which  it  producer  in  such  incredible  profusion,  hanging  in  clusters  to  every  limb 
and  to  every  twig,  is  about  the  size  of  ordinary  onrranta  and  not  unlike  them  in 
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in^  fact-s  relative  to  the  food  plants  of  our  !North  American  abori^nes. 
Among  the  plants  described  by  him  there  are  a  few  which  merit  care- 
ful investigation.  Against  all  of  them,  however,  there  lie  the  objec- 
tions mentioned  before,  namely : 

(1)  The  long  time  required  for  their  improvement,  and 

(2)  The  difficulty  of  making  them  acceptable  to  the  community,   in- 
volving 

(3)  The  risk  of  total  and  mortifying  failure. 

In  the  notes  to  this  address  the  more  prominent  of  these  are  enumer- 
ated. 

In  1854  the  late  Prof.  Gray  called  attention  to  the  remarkable  rela 
tions  which  exist  between  the  plants  of  Japan  and  those  of  our  Eastern 
coast.    You  will  remember  that  he  not  only  proved  that  the  plants  of 
the  two  regions  had  a  common  origin,  but  also  emphasized  the  fact  tlia,t 
many  species  of  the  two  countries  are  almost  identical.    It  is  to  tliat 
country  which  has  yielded  us  so  many  useful  and  beautiful  plants  tbat 
we  turn  for  new  vegetables  to  supplement  our  present  food  resources. 
One  of  these  plants,  namely,  Stachys,  has  already  been  mentioned  as 
rather  promising.    There  are  others  which  are  worth  examination  and 
X>erhaps  acquisition. 

One  of  the  most  convenient  places  for  a  preliminary  examination  of 
the  vegetables  of  Japan  is  at  the  railroad  stations  on  the  longer  lines, 
for  instance,  that  running  from  Tokio  to  Kobe.  For  native  consump- 
tion there  are  prepared  luncheon  boxes  of  two  or  three  stories,  pro- 
vided with  the  simple  and  yet  embarrassing  chopsticks.  It  is  worth 
the  shock  it  causes  one's  nerves  to  invest  in  these  boxes  and  try  the 
vegetable  contents.  The  bits  of  fish,  flesh,  and  fowl,  which  one  finds 
therein  can  be  easily  separated  and  discarded,  upon  which  there  will 
remain  a  few  delicacies.  The  pervading  odor  of  the  box  is  that  of  aro- 
matic vinegar.  The  generous  portion  of  boiled  rice  is  of  excellent 
quality,  with  every  grain  well  softened  and  distinct,  and  this  without 
anything  else  would  suffice  for  a  tolerable  jneal.  In  the  boxes  which 
have  fallen  under  my  observation  there  were  sundry  boiled  roots,  shoots, 


color  and  even  in  flavor;  being  exceedingly  acid,  ahnost  unpalatable  until  they  are 
bitten  by  frost  of  autumn,  when  they  are  sweetened  and  their  flavor  delicious,  hav- 
ing to  the  taste  much  the  character  of  grapes,  and  I  am  almost  to  think  would  pro- 
duce excellent  wine/'  (George  Catlin's  illustrations  and  manners,  customs,  and  con- 
dition of  the  Xorih  American  Indiana,  vol.  I,  p.  72.) 

For  much  relative  to  the  food  of  our  aborigines,  especially  of  the  western  coast, 
consult  the  Native  Races  of  the  Pacific  States  of  North  America,  by  H.  H.  Ban- 
croft (New  York),  1875.  The  follow  hi  g,  from  vol.  i,  p.  538,  indicates  that  inaccura- 
cies have  crept  into  the  work :  '*  B>oni  the  earliest  information  we  have  of  these 
nations^'  (the  author  is  speaking  of  the  New  Mexicann),  **  they  are  known  to  have 
been  tillers  of  the  soil ;  and  though  the  implements  used  and  their  methods  of  culti- 
vation were  both  simple  and  primitive,  cotton,  com,  wheats  beans,  and  many  varie- 
ties of  fruits  which  constituted  tlieir  principal  food  were  raised  in  abundance.'' 

Wheat  was  uo^ '^^^JUix^ricau  continent  until  after  the  landing  of  the 

rst  explorers.  ^. 
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and  seeds  which  were  not  recognizable  by  me  in  their  cooked  form. 
Prof.  Georgeson,  formerly  of  Japan,  has  kindly  identified  some  of 
these  for  me,*  but  he  says,  "  There  are  doubtless  many  others  used  occa- 
sionally." 

One  may  find  sliced  lotus  roots,  roots  of  large  burdock,  lily  bulbs, 
shoots  of  ginger,  pickled  green  plums,  beans  of  many  sorts,  boiled 
chestnuts,  nuts  of  the  gingko  tree,  pickled  greens  of  various  kinds, 
dried  cucumbers,  and  several  kinds  of  sea- weeds.  Some  of  the  leaves 
and  roots  are  cooked  in  much  the  same  manner  as  beet-roots  and  beet- 
leaves  are  by  us,  and  the  general  effect  is  not  unappetizing.  The  boiled 
shoots  are  suggestive  of  only  the  tougher  ends  of  asparagus.  On  the 
whole,  I  do  not  look  back  on  Japanese  railway  luncheons  with  any 
longing  which  would  compel  me  to  advocate  the  indiscriminate  intro- 
duction of  the  constituent  vegetables  here. 

But  when  the  same  vegetables  are  served  in  native  inns,  under  more 
favorable  culinary  conditions,  without  the  flavor  of  vinegar  and  of  the 
pine  wood  of  the  luncheon  boxes,  they  appear  to  be  worthy  of  a  trial 
in  our  horticulture,  and  I  therefore  deal  with  one  or  two  in  greater 
detail. 

Prof.  Gteorgeson,  whose  advantages  for  acquiring  a  knowledge  of  the 
useful  plants  of  Japan  have  been  unusually  good,  has  pla^jed  me  under 
great  obligations  by  communicating  certain  facts  regarding  some  of  the 
more  promising  plants  of  Japan  which  are  not  now  used  here.  It 
should  be  said  that  several  of  these  plants  have  already  attracted  the 
notice  of  the  Agricultural  Department  in  this  country. 

The  soy  bean  (Olycine  hispida).  This  species  is  known  here  to  some 
extent,  but  we  do  not  have  the  early  and  best  varieties.  These  beans 
replace  meat  in  the  diet  of  the  common  people. 

Mucuna  (Mucu)ia  capitata)  and  Dolichos  [Doliclios  cultratus)  are  pole 
beans  i)ossessing  merit. 

Dioscorea  ;  there  are  several  varieties  with  palatable  roots.  Years 
ago  one  of  these  was  spoken  of  by  the  late  Dr.  Gray  sis  i)ossessing 
"excellent  roots,  if  one  could  only  dig  them.'' 

CoXocasia  antiquorum  has  tuberous  roots,  which  are  nutritious. 


"Pickled  daikon,  the  large  radish,  often  grated;  ginger  roots,  Shoga;  beans 
{Glycine  hispida) ^  many  kinds,  and  prepared  in  many  ways;  beans  (Dolichos 
cultratus) f  cooked  in  rice  and  mixed  with  it;  sliced  Hasu,  lotos  roots;  lily  bulbs, 
boiled  whole  and  the  scales  torn  off  as  they  are  eaten;  pickled  green  plums,  (Ume- 
boshi)  colored  red  in  the  pickle,"  by  the  leaves  of  Perilla  arguta  (Shiso) ;  sUced 
and  dried  cucumbers,  Kiuri;  pieces  of  Gobo — routs  of  Lappa  major;  Rakkio, 
bulbs  of  Allium  Bakerif  boiled  in  Shogu;  grated  Wasabi,  stem  of  Eutrema  fFasahi; 
watercress,  midza-tagarashi  (not  often);  also  sometimes  pickled  geeens  of  vari- 
ous kinds,  and  occasionally  chestnut  kernels  boiled  and  mixed  with  a  kind  of  sweet 
sauce;  nut  of  the  Ginkgo  tree;  several  kinds  of  sea-weeds  are  also  very  commonly 
served  with  the  rice.    (Prof.  C.  C.  Georgeson  in  letter.) 
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Conophallus  KonjaJc  has  a  large  bulbous  root,  which  is  sliced^  dried, 
and  beaten  to  a  powder.    It  is  an  ingredient  in  cakes. 

Aralia  cordata  is  cultivated  for  the  shoots,  and  used  as  we  use  ajspar- 
agus. 

(Ena/nthe  stoloni/era  and  CryptoUenia  Canadensis  are  palatable  salad 
plants,  the  former  being  used  also  as  greens. 

There  is  little  hope,  if  any,  that  we  shall  obtain  from  the  hotter  cli- 
mates for  our  southern  territory  new  species  of  merit.  The  ns^tive 
markets  in  the  tropical  cities  like  Colombo,  Batavia,  Singapore,  ajid 
Saigon,  are  rich  in  fimits,  but  outside  of  the  native  plants  bearing  tliese 
nearly  all  the  plants  appear  to  be  wholly  in  established  lines  of  cultiva- 
tion, such,  for  instance,  as  members  of  the  gourd  and  night-shade 
families. 

Before  we  leave  the  subject  of  our  coming  vegetables,  it  will  be  well 
to  note  a  naive-caution  enjoined  by  Vilmorin  in  his  work,  Les  Plnntes 
Potageres.* 

"  Finally,"  he  says,  ^^  we  conclude  the  article  devoted  to  each  plant 
with  a  few  remarks  on  the  uses  to  which  it  may  be  applied  and  on  tlie 
parts  of  the  plants  which  are  to  be  so  used.  In  many  cases  such  remarks 
may  be  looked  upon  as  idle  words,  and  yet  it  would  sometimes  have 
been  useful  to  have  them  when  new  plants  were  cultivated  by  us  for 
the  first  time.  For  instance,  the  giant  edible  burdock  of  Japan  {Lappa 
edulis)  was  tor  a  long  time  served  up  on  our  tables  only  as  a  wretchedly 
I)oor  spinach,  because  people  would  cook  the  leaves,  whereas,  in  its 
native  country,  it  is  only  cultivated  for  its  tender  fleshy  roots." 

I  trust  you  are  not  discouraged  at  this  outlook  for  our  coming  vege- 
tables. 

Two  groups  of  improvable  food-plants  may  be  referred  to  before  we 
pass  to  the  next  class,  namely,  edible  fungi  and  the  beverage  plants. 
All  botanists  who  have  given  attention  to  the  matter  agree  with  the 
late  Dr.  Curtis  of  North  Carolina  that  we  have  in  the  unutilized  mush- 
rooms an  immense  amount  of  available  nutriment  of  a  delicious  quality. 
It  is  not  improbable  that  other  fungi  than  our  common  ^^  edible  mush- 
room'' will  by  and  by  be  subjected  to  a  careful  selection. 

The  principal  beverage-plants,  tea,  coffee  and  chocolate,  are  all 
attracting  the  assiduous  attention  of  cultivators.  The  first  of  these 
plants  is  extending  its  range  at  a  marvelous  rate  of  rapidity  through 
India  and  Ceylon;  the  second  is  threatened  by  the  pests  which  have 
almost  exterminated  it  in  Ceylon,  but  a  new  species,  with  crosses  there- 
from, is  promising  to  resist  them  successfully;  the  third,  chocolate,  is 
every  year  passing  into  lands  farther  from  its  original  home.  To  these 
have  been  added  the  kola  (of  a  value  as  yet  not  wholly  determined), 
and  others  are  to  augment  the  short  list. 


*  Loc.  cit    Preface  iu  EugliBh  edition. 
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III. — FRUITS. 

Botauically  speaking,  the  cereal  grains  of  which  we  have  spoken  are 
true  fruits,  that  is  to  say,  are  ripened  ovaries,  but  for  all  practical  pur- 
IK)ses  they  may  be  regarded  as  seeds.  The  fruits,  of  which  mention  is 
now  to  be  made,  are  those  commonly  spoken  of  in  our  markets  as  fruits. 

t'irst  of  all,  attention  must  be  called  to  the  extraordinary  changes  in 
the  commercial  relations  of  fruits  by  two  direct  causes : 

(1)  The  canning  industry,  and 

(2)  Swifb  transportation  by  steamers  and  railroads. 

The  effects  of  these  two  agencies  are  too  well  known  to  require  more 
than  this  passing  mention.  By  them  the  fruits  of  the  best  fruit-growing 
countries  are  carried  to  distant  lands  in  quantities  which  surprise 
all  who  see  the  statistics  for  the  first  time.  The  ratio  of  increase  is 
very  startling.  Take,  for  instance,  the  figures  given  by  Mr.  Morris  at 
the  time  of  the  great  Colonial  and  Indian  Exhibition,  in  London.  Com- 
pare double  decades  of  years : 

1845 £886,888 

1865 3,185,984 

1885 7,587,523 

In  the  Colonial  Exhibition  at  London,  in  1886,  fruits  from  the  remote 
colonies  were  exhibite<l  under  conditions  which  proved  that,  before  long, 
it  may  be  possible  to  i)lace  such  delicacies  as  the  cherimoyer,  the  sweet- 
sop,  rambutan,  mango,  and  mangosteen  at  even  our  most  northern  sea- 
ports. Furthermore,  it  seems  to  me  likely  that  with  an  increase  in  our 
knowledge  with  regard  to  the  microbes  which  produce  decay,  we  may 
be  able  to  protect  the  delicate  fruits  from  injury  for  any  reasonable 
period.  Methods  which  will  supplement  refrigeration  are  sure  to  come 
in  the  very  near  future,  so  that  even  in  a  country  so  vast  as  our  own 
the  most  perishable  fruits  will  be  transported  through  its  length  and 
breadth  without  harm. 

The  canning  industry  and  swift  transportation,  are  likely  to  diminish 
zeal  in  searching  for  new  fruits,  since,  as  we  have  seen  in  the  case  of 
the  cereals,  we  are  prone  to  move  in  lines  of  least  resistance  and  leave 
well  enough  alone. 

To  what  extent  are  oui^  present  fruits  likely  to  be  improved!  Even 
those  who  have  watched  the  improvement  in  the  quality  of  some  of  our 
fruits,  like  oranges,  can  hardly  realize  how  great  has  been  the  improve- 
ment within  historic  times  in  the  character  of  certain  pears,  apples,  and 
so  on. 

The  term  historic  is  used  advisedly,  for  there  are  prehistoric  fruits 
which  might  serve  as  a  point  of  departure  in  the  consideration  of  the 
question.    In  the  ruins  of  the  lake  dwellings  in  Switzerland*  charred 

*  **  Carbonized  apples  have  been  found  at  Wangen,  sometimes  whole,  sometimes 
cut  in  two,  or,  more  rarely,  into  four  pieces  and  evidently  dried  and  put  aside  for 
winter  use.    -    -    -    They  are  small  and  generally  resemble  those  which  still  grow 
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apples  have  been  found,  whicli  are  in  some  cases  plainly  of  small  size, 
hardly  equalling  ordinary  crab-apples.  But,  as  Dr.  Sturtevant  has 
shown,  in  certain  directions  there  has  been  no  marked  change  of  type; 
the  change  is  in  quality. 

In  comparing  the  earlier  descriptions  of  fruits  with  modem  accounts 
it  is  well  to  remember  that  the  high  standards  by  which  fruits  are  now 
judged  are  of  recent  establishment.  Fruits  which  would  once  have 
been  esteemed  •  excellent  would  to-day  be  passed  by  as  unworthy  of 
regard. 

It  seems  probable  that  the  list  of  seedless  fruits  will  be  materially 
lengthened,  provided  our  experimental  horticulturists  make  use  of  the 
material  at  their  command.  The  common  fruits  which  have  very  few 
or  no  seeds  are  the  banana,  pineapple,  and  certain  oranges.  Others 
mentioned  by  Mr.  Darwin  as  well  known  are  the  bread-fruit,  pome- 
granate, azarole  or  Neapolitan  medlar,  and  date  palms.  In  conmient- 
ing  upon  these  fruits,  Mr.  Darwin*  says  that  most  horticulturists  "look 
at  the  great  size  and  anomalous  development  of  the  fruit  as  the  cause 
and  sterility  as  the  result,"  but  he  holds  the  opposite  view  as  more 
probable ;  that  is,  that  the  sterility,  coming  about  gradually,  leaves  ft«e 
for  other  growth  the  abundant  supply  of  building  material  which  the 
forming  seed  would  otherwise  have.  He  admits  however  that  "there 
is  an  antagonism  between  the  two  forms  of  reproduction,  by  seeds  and 
by  buds,  when  either  is  carried  to  an  extreme  degree,  which  is  inde- 
pendent of  any  incipient  sterility." 

Most  plant  hybrids  are  relatively  infertile,  but  by  no  means  wholly 
sterile.  With  this  sterility  there  is  generally  augmented  vegetative 
vigor,  as  shown  by  Niigeli.  Partial  or  complete  sterility  and  corre- 
sx>onding  luxuriance  of  root,  stem,  leaves,  and  flower  may  come  about 
in  other  obscure  ways,  and  such  cases  are  familiar  to  botanists.!  Now, 
it  seems  highly  probable  that  either  by  hybridizing  directed  to  this 
special  end,  or  by  careful  selection  of  forms  indicating  this  tendency  to 
the  correlated  changes,  we  may  succeed  in  obtaining  important  addi- 
tions to  our  seedless  or  nearly  seedless  plants.  Whether  the  ultimate 
profit  would  be  large  enough  to  pay  for  the  time  and  labor  involved  is 
a  question  which  we  need  not  enter  into ;  there  appears  to  me  no  reason- 
able doubt  that  such  efforts  would  be  successful.  There  is  no  reason 
in  the  nature  of  things  why  we  should  not  have  strawberries  without 
the  so-called  seeds,  blackberries  and  raspberries  with  only  delicious 
pulp,  and  large  grapes  as  free  from  seeds  as  the  small  ones  which  we 
call  "currants,"  but  which  are  really  grapes  from  Corinth. 


wild  in  the  Swiss  forests ;  at  Robenhaasen,  however,  specimens  have  occarred  which 
are  of  larger  size  and  probably  cultivated.  No  trace  of  the  vine,  the  walnut,  the 
cherry,  or  the  damson  has  yet  been  met  with,  but  stones  of  the  wild  plum  and  the 
Prunuspadua  have  been  found."    Lubbock,  loc,  ciU,  p.  217. 

*  Animals  and  Plants  under  Domestication  (Am.  Ed.),  vol.  ii,  p.  205-209. 

t  Gray's  Botanical  Text  Book. 
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These  and  the  corelesH  apples  and  pears  of  the  future,  the  stoneless 
cherries  and  plums,  like  the  common  fruits  before  mentioned,  must  be 
propagated  by  bud  division,  and  be  open  to  the  tendency  to  dimin- 
ished strength  said  to  be  the  consequence  of  continued  bud  propaga- 
tion. But  this  bridge  need  not  be  crossed  until  we  come  to  it.  Bananas 
have  been  perpetuated  in  this  way  for  many  centuries,  and  pineapples 
since  the  discovery  of  America,  so  that  the  borrowed  trouble  alluded 
to  is  not  threatening.    First  we  must  catch  our  seedless  fruits. 

Which  of  our  wild  fruits  are  promising  subjects  for  selection  and  cul- 
tivation! 

Mr.  Crozier,  of  Michigan,  has  pointed  out*  the  direction  in  which 
this  research  may  prove  most  profitable.  He  enumerates  many  of  our 
small  fruits  and  nuts  which  can  be  improved. 

Another  of  our  most  careful  and  successful  horticulturists  believes 
that  the  common  blueberry  and  its  allies  are  very  suitable  for  this 
purpose  and  oflfer  good  material  for  experimenting.  The  sugar-plum, 
or  so-called  shad-bush,  has  been  improved  in  many  particulars,  and 
others  can  be  added  to  this  list. 

But  again  we  turn  very  naturally  to  Japan,  the  country  from  which 
our  gardens  have  received  many  treasures.  Referring  once  more  to 
Prof.  Georgeson's  studies,!  we  must  mention  the  varieties  of  Japanese 
apples,  pears,  peaches,  plums,  cherries  and  persimmons.  The  persim- 
mons are  already  well  known  in  some  parts  of  our  country  under  the 
name  "  kaki,"  and  they  will  doubtless  make  rapid  progress  in  popular 
favor. 

The  following  are  iess  familiar: 

Actinidia  arguta  and  volubiliSj  with  delicious  berries; 

Stauntonia,  an  evergreen  vine  yielding  a  palatable  fruit; 

Myrica  rubra ^  a  small  tree  with  an  acidulous  juicy  fruit; 

EUeagnus  umbellata,  with  berries  for  preserves. 

The  active  and  discriminating  horticultural  journals  in  America  and 
Europe  are  alive  to  the  possibilities  of  new  Japanese  fruits,  and  it  can 
not  be  very  long  before  our  list  is  considerably  increased. 

It  is  absolutely  necessary  to  recollect  that  in  most  cases  variations 
are  slight.  Dr.  Masters  and  Mr.  Darwin  have  called  attention  to  this 
and  have  adduced  many  illustrations,  all  of  which  show  the  necessity 
of  extreme  patience  and  caution.  The  general  student  curious  in  such 
matters  can  have  hardly  any  task  more  instructive  than  the  detection 
of  the  variations  in  such  common  plants  as  the  blueberry,  the  wild 
cherry,  or  the  like.  It  is  an  excellent  preparation  for  a  practical  study 
of  the  variations  in  our  wild  fruits  suitable  for  selection. 

It  was  held  by  the  late  Dr.  Gray  that  the  variations  in  nature  by 
which  species  have  been  evolved  were  led  along  useful  lines,  a  view 


""Amencan  Garden,  N.  Y.     1890-'91. 
i  American  Garden,  N.  Y.    1891. 
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which  Mr.  Darwiu  regretted  he  could  uot  entertain.  However  this  may 
be,  all  acknowledge  that  by  the  hand  of  the  cultivator  variations  can 
be  led  along  useful  lines;  and  furthermore  the  hand  which  selects  must 
uphold  them  in  their  unequal  strife.  In  other  words,  it  is  one  thing  to 
select  a  variety  and  another  to  assist  it  in  maintiiining  its  hold  a]>on 
existence.  Without  the  constant  help  of  the  cultivator  who  selects  the 
useful  variety,  there  comes  a  reversion  to  the  ordinary  specific  type 
which  is  fitted  to  cope  with  its  surroundings. 

I  think  you  can  agree  with  me  that  the  prospect  for  new  fruits  and 
for  improvements  in  our  established  favorites  is  fairly  good. 

rV. — TIMBERS  AND   CABINET  WOODS. 

Can  we  look  for  new  timbers  and  cabinet  woods!  Comparatively  few 
of  those  in  common  use  are  of  recent  introduction.  Attempts  have  been 
made  to  bring  into  great  prominence  some  of  the  excellent  trees  of  India 
and  Australia  which  furnish  wood  of  much  beauty  and  timber  of  the 
best  quality.  A  large  proportion  of  all  the  timbers  of  the  South  Seas 
are  characterized  by  remarkable  firmness  of  texture  and  high  specific 
gravity.*  The  same  is  noticed  in  many  of  the  woods  of  the  Indies. 
A  few  of  the  heavier  and  denser  sorts,  like  jarrah,  of  West  Australia, 
and  sabicu,  of  the  Caribbean  Islands,  have  met  with  deserved  favor  in 
England,  but  the  cost  of  transportation  militates  against  them.  It  is 
a  fair  question  whether,  in  certain  parts  of  our  country,  these  trees  and 
others  which  can  be  utilized  for  veneers  may  not  be  cultivated  to  ad- 
vantage. Attention  should  be  again  called  to  the  fact  that  many 
plants  succeed  far  better  in  localities  which  are  remote  firom  their 
origin,  but  where  they  find  conditions  substantially  like  those  which 
they  have  left.  This  fact,  to  which  we  must  again  refer  in  detail  with 
regard  to  certain  other  classes  of  plants,  may  have  some  bearing  upon 
the  introduction  of  new  timber  trees.  Certain  drawbacks  exist  with 
regard  to  the  timber  of  some  of  the  more  rapidly  growing  hard-wood 
trees  which  have  prevented  their  taking  a  high  place  in  the  scale  of 
values  in  mechanical  engineering. 

One  of  the  most  useful  soft-wooded  trees  in  the  world  is  the  kauri. 
It  is  restricted  in  its  range  to  a  comparatively  small  area  in  the  North 
Island  of  New  Zealand.  It  is  now  being  cut  down  with  a  recklessness 
which  is  as  prodigal  and  shameful  as  that  which  has  marked  our  own 
treatment  of  forests  here.  It  should  be  said  however  that  this  de- 
struction is  under  protest,  in  spite  of  which  it  would  seem  to  be  a 
question  of  only  a  few  years  when  the  great  kauri  groves  of  New  Zea 
land  will  be  a  thing  of  the  past.  Our  energetic  forest  department  has 
on  its  hands  problems  just  like  this  which  perplexes  one  of  the  new 
lands  of  the  south.  The  task  in  both  cases  is  double,  to  preserve  the 
old  treasures  and  to  bring  in  new. 

*  Vneful  Natire  Planta  of  AuMtralia,  by  J.  M.  Maiden,  Sydney. 

V 
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The  energy  shown  by  Baron  von  Mueller,  the  renowned  Government 
botanist  of  Victoria,  and  by  various  forest  departments,  in  encourag- 
ing the  cultivation  of  timber  trees  will  assuredly  meet  with  success; 
one  can  hardly  hope  that  this  success  will  appear  fully  demonstrated 
in  the  lifetime  of  those  now  living,  but  I  can  not  think  that  many  years 
will  pass  before  the  promoters  of  .such  enterprises  may  take  fresh 
courage. 

In  a  modest  structure  in  the  city  of  Sidney,  New  South  Wales,  Mr. 
Maiden*  has  brought  together,  under  great  difficulties,  a  large  collec- 
tion of  the  useful  products  of  the  vegetable  kingdom  as  represented 
in  Australia.  It  is  impossible  to  look  at  the  collection  of  woods  in  that 
museum  or  at  the  similar  and  more  showy  one  in  Kew,  without  believ- 
ing that  the  field  of  forest  culture  must  receive  rich  material  from  the 
Southern  Hemisphere. 

Before  leaving  this  part  of  our  subject,  it  may  be  well  to  take  some 
illustrations  in  passing,  to  show  how  important  is  the  influence  exerted 
upon  the  utilization  of  vegetable  products  by  causes  which  may  at  first 
strike  one  as  being  rather  remote: 

(1)  Photography  makes  use  of  the  effect  of  light  on  chromatized 
gelatin  to  produce  under  a  negative  the  basis  of  relief  plates  for  en- 
graving. The  degree  of  excellence  reached  in  modifications  of  this 
simple  device  has  distinctly  threatened  the  very  existence  of  wood  en- 
graving, and  hence  follows  a  diminished  degree  of  interest  in  box- 
wood and  its  substitutes. 

(2)  Iron,  and  in  its  turn  steel,  is  used  in  shipbuilding,  and  this  ren- 
ders of  greatly  diminished  interest  all  questions  which  concern  the 
choice  of  different  oaks,  and  similar  woods. 

(3)  But  on  the  other  hand  there  is  increased  activity  in  certain  di- 
rections, best  illustrated  by  the  extraordinary  development  of  the 
chemical  methods  for  manufacturing  wood  pulp.  By  the  improved 
processes,  strong  fibers  suitable  for  fine  felting  on  the  screen  and  fit 
for  the  best  grades  of  certain  lines  of  pai)er  are  given  to  us  from  rather 
inferior  sorts  of  wood.  He  would  be  a  rash  prophet  who  should  venture 
to  predict  what  will  be  the  future  of  this  woudertul  industry,  but  it  is 
plain  that  the  time  is  not  far  distant  when  acres  now  worthless  may  be 
covered  by  trees  under  cultivation,  growing  for  the  pulp-maker. 

There  is  no  department  of  economic  botany  more  promising  in  im- 
mediate results  than  that  of  arboriculture. 

V. — VEGETABLE  FIBERS. 

The  vegetable  fibers  known  to  commerce  are  either  plant  hairs,  of 
which  we  take  cotton  as  the  t^-pe,  or  filaments  of  bast-tissue,  repre- 
sented by  flax.  No  new  plant  hairs  have  been  suggested  which  can 
compete  in  any  way  for  spinning  with  those  yielded  by  the  species  of 

•  Ub^uI  Native  Plants  oj  Australia, 
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gossypium,  or  cotton,  but  experiments  more  or  less  systematic  and 
thorough  are  being  carried  on  with  regard  to  the  improvement  of  the 
varieties  of  the  species.  Plant  hairs  for  the  stuffing  of  cushions  and 
pDlows  need  not  be  referred  to  in  connection  with  this  subject. 

Countless  sorts  of  plants  have  been  suggested  as  sources  of  good 
bast-fibers  for  spinning  and  for  cordage,  and  many  of  these  make  capital 
substitutes  for  those  already  in  the  factories,  but  the  questions  of  cheap- 
ness of  production,  and  of  subsequent  preparation  for  use,  have  thus  far 
militated  against  success.  There  may  be  much  difference  between  the 
profits  promised  by  a  laboratory  experiment  and  those  resulting  from 
the  same  process  conducted  on  a  commercial  scale.  The  existence  of 
such  difference  has  been  the  rock  on  which  many  enterprises  seeking  to 
introduce  new  fibers  have  been  wTecked. 

In  dismissing  this  portion  of  our  subject,  it  may  be  said  that  a  proc- 
ess for  separating  fine  fibers  from  undesirable  structural  elements,  and 
from  resin-like  substances  which  accompany  them,  is  a  great  desidera- 
tum. If  this  were  supplied  many  new  species  would  assume  great 
prominence  at  once. 

VI. — TANNINU  MATERIALS. 

What  new  tanning  materials  can  be  confidently  sought  for!  In  his 
Useful  Native  Plants  of  Australia^  Mr.  Maiden  describes  over  thirty 
species  of  "Wattles''  or  Acacias,  and  about  half  as  many  Eucalypts, 
which  have  been  examined  for  the  amount  of  tanning  material  contained 
in  the  bark.  In  all,  eighty  seven  Australian  species  have  been  under 
examination.  Besides  this,  much  has  been  done  looking  in  the  same 
direction,  at  the  suggestion  and  under  the  direction  of  Baron  von 
Mueller,  of  Victoria.  This  serves  to  indicate  how  great  is  the  interest  in 
this  subject  and  how  wide  is  the  field  in  our  own  country  for  the  intro- 
duction of  new  tanning  plants. 

It  seems  highly  probable  however  that  artificial  tanning  substances 
will  at  no  distant  day  replace  the  crude  matters  now  employed. 


Besins,  oils,  gums,  and  medicines  from  the  vegetable  kingdom  would 
next  engage  our  attention  if  they  did  not  seem  rather  too  technical  for 
this  occasion  and  to  possess  an  interest  on  the  whole  somewhat  too 
limited,  but  an  allied  substance  may  serve  to  represent  this  class  of 
products  and  indicate  the  drift  of  present  research. 

India  Rubber.* — Under  this  term  are  included  numerous  substances 
which  possess  a  physical  and  chemical  resemblance  to  each  other.  An 
Indian  Ficusj  the  early  source  of  supply,  soon  became  inadequate  to 
furnish  the  quantity  used  in  the  arts  even  when  the  manipulation  of 

^bber  was   almost   unknown.    Later,    supplies  came  from  Hevea  of 


"J.  R.  Jackson,  Commercial  Botany  of  the  Sineteenth  Century. 
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Brazil,  generally  known  as  Para  rubber,  and  from  Castilloay  sometimes 
called  Central  American  Eubber,  and  from  Manihot  GUiziovii  Ceara 
rubber.  Not  only  are  these  plants  now  successftiUy  cultivated  in  ex- 
perimental gardens  in  the  tropics,  but  many  other  rubber-yielding 
species  have  been  added  to  the  list.  The  Landolphias  are  among  the 
most  promising  of  the  whole:  these  are  the  African  rubbers.  Now  in 
addition  to  these  which  are  the  chief  source  of  supply,  we  have  Wilr 
lughbeiaj  from  the  Malayan  Peninsula,  LeuconotiSj  Chilocarpvs,  Alsto- 
ma^  Forateroniay  and  a  si)ecies  of  a  genus  formerly  known  as  Urosiigma^ 
but  now  united  with  Ficus,  These  names,  which  have  little  signifi- 
cance as  they  are  here  pronounced  in  passing,  are  given  now  merely  to 
impress  upon  our  minds  the  fact  that  the  sources  of  a  single  commer- 
cial article  may  be  exceedingly  diverse.  Under  these  circumstances 
search  is  being  made  not  only  for  the  best  varieties  of  these  species 
but  for  new  species  as  weU. 

There  are  few  excursionVi  in  the  tropics  which  possess  greater  inter- 
est to  a  botanist  who  tares  for  the  industrial  aspects  of  plants  than  the 
walks  through  the  gardens  at  Buitenzorg  in  Java  and  at  Singapore. 
At  both  these  stations  the  experimental  gardens  lie  at  some  distance 
from  the  great  gardens  which  the  tourist  is  expected  to  visit,  but  the 
exertion  well  repays  him  for  all  discomfort.  Under  the  almost  vertical 
rays  of  the  sun,  are  here  gathered  the  rubber-yielding  plants  from  dif- 
ferent countries,  all  growing  under  (conditions  favorable  for  decisions 
as  to  their  relative  value.  At  Buitenzorg  a  well-equipped  laboratory 
stands  ready  to  answer  practical  questions  as  to  quality  and  compo- 
sition of  their  products,  and  year  by  year  the  search  extends. 

I  mention  this  not  as  an  isolated  example  of  what  is  being  accom- 
plished in  commercial  botany,  but  as  a  fair  illustration  of  the  thor- 
oughness with  which  the  problems  are  being  attacked.  It  should  be 
fiirther  stated  that  at  the  garden  in  question  assiduous  students  of  the 
subject  are  eagerly  welcomed  and  are  provided  with  all  needed  appli- 
ances for  carrying  on  technical,  chemical,  and  pharmaceutical  investi- 
gations. Therefore  I  am  justified  in  saying  that  there  is  every  reason 
for  believing  that  in  the  very  near  future  new  sources  of  our  most  im- 
portant products  will  be  opened  up  and  new  areas  placed  under  suc- 
cessful cultivation. 

At  this  point  attention  must  be  called  to  a  very  modest  and  con- 
venient handbook  on  the  Commercial  Botany  of  the  Nineteenth  Cen- 
tury by  Mr.  Jackson  of  the  Botanical  Museum  attached  to  the  Koyal 
Gardens,  Kew,  which  not  only  embodies  a  great  amount  of  well-arranged 
information  relative  to  the  new  useful  plants,  but  is  at  the  same  time 
a  record  of  the  existing  stat^  of  things  in  all  these  departments  of 
activity. 
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Vin.— FRAGRANT  PLANTS. 

Another  illastration  of  oar  subject  might  be  drawn  firom  a  class  of 
plants  which  repays  close  study  from  a  biological  point  of  view,  namely, 
those  which  yield  perfumes. 

In  speaking  of  the  future  of  our  fragrant  plants  we  must  distinguish 
between  those  of  commercial  value  and  those  of  purely  horticultural 
interest.  The  former*will  be  less  and  less  cultivated  in  proportion  as 
synthetic  chemistry  *by  its  manufacture  of  perfumes  replaces  the  natu- 
ral by  the  artificial  products,  for  example,  coumarin,  vanillin,  nerolin, 
heliotropin,  and  even  oil  of  wintergreen. 

But  do  not  understand  me  as  intimating  that  chemistry  can  ever 
furnish  substitutes  for  living  fragrant  plants.  Our  gardens  will  always 
be  sweetened  by  them,  and  the  possibilities  in  this  direction  will  con- 
tinue to  extend  both  by  contributions  from  abroad  and  by  improve- 
ment in  our  present  cultivated  varieties.  Among  the  foreign  acquisi- 
tions there  are  the  fragrant  species  of  Andropogon.  Who  would  suspect 
that  the  tropical  relatives  of  our  sand-loving  grasses  are  of  high  com- 
mercial value  as  sources  of  perfumery  oilst 

The  utility  to  the  plant  of  fragrance  in  the  flower  and  the  relation  of 
this  to  cross-fertilization,  are  apparent  to  even  a  casual  observer.  But 
the  fragrance  of  an  aromatic  leaf  does  not  always  give  us  the  reason 
for  its  being. 

It  has  been  suggested  for  certain  cases  that  the  volatile  oils  escaping 
from  the  plants  in  question  may,  by  absorption,  exert  a  direct  influence 
in  mitigating  the  fierceness  of  action  of  the  sun's  rays.  Other  explana- 
tions have  also  been  made»  some  of  which  are  even  more  fanciful  than 
the  last. 

When  however  one  has  seen  that  the  aromatic  plants  of  Australia 
are  almost  free  frt>m  attacks  of  insects  and  fungi,  and  has  learned  to 
look  on  the  impregnating  substances  in  some  cases  as  protective  against 
predatory  insects  and  small  foes  of  all  kinds,  and  in  others  as  fungi- 
cidal, he  is  tempted  to  ask  whether  all  the  substances  of  marked  odor 
which  we  find  in  certain  groups  of  plants  may  not  play  a  similar  r61e. 

It  is  a  fact  of  great  interest  to  the  surgeon  that  in  many  plants  there 
is  associated  with  the  fragrant  principle  a  marked  antiseptic  or  fungi- 
cidal quality;  conspicuous  examples  of  this  are  afiforded  by  species  of 
Ehcal^ptit^,  yielding  eucalyptol,  St^rax^  yielding  styrone,  TAjfMiM  yield- 
ing thymol.  It  is  interesting  to  note  too  that  some  of  these  most 
modem  antiseptics  were  important  cimstituents  in  the  balsamic  vol- 
neraries  of  the  earliest  surgery. 


IX. — ^FLORISTS    PLANTS, 


and  the  floral  fashions  of  the  fiiture  I'tmstitutc  an  en- 

ich  we  can  ttuich  only  Ughtly.     It  is  reasonably  clear 

vorite   -<9cies  will  hold  their  ground  in  the  guise 
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of  improved  varieties^  the  new  introductions  will  come  in  the  shape  of 
plants  with  flowering  branches  which  retain  their  blossoms  for  a  some- 
what long  period,  and  especially  those  in  which  the  flowers  precede  the 
leaves.  In  short  the  next  real  fashion  in  our  gardens  is  probably  to  be 
the  flowering  shurb  and  flowering  tree,  like  those  which  are  such  favor- 
ites in  the  country  from  which  the  Western  world  has  gladly  taken  the 
gift  of  the  chrysanthemum.* 

Twice  each  year  of  late  a  reception  has  been  held  by  the  Emperor 
and  Empress  of  Japan.  The  receptions  are  in  autumn  and  in  the 
spring.  That  in  the  autumn,  i)opularly  know  as  the  Emperor's  recep- 
tion, has  for  its  floral  decorations  the  myriad  forms  of  the  national  flower, 
the  chrysanthemum ;  that  which  is  given  in  spring,  the  Empress's  recep- 
tion, comes  when  the  cherry  blossoms  are  at  their  best.  One  has  little 
idea  of  the  wealth  of  beauty  in  masses  of  flowering  shurbs  and  trees, 
until  he  has  seen  the  floral  displays  in  the  Imperial  Gardens  an Af  the 
Temple  grounds  in  Tokio. 

To  Japant  and  Ohina  also  we  are  indebted  for  many  of  the  choicest 
plants  of  our  gardens,  but  the  supply  of  species  is  by  no  means  ex- 
hausted. By  far  the  larger  number  of  the  desirable  plants  have  al- 
ready found  their  way  into  the  hands  of  cultivators,  but  often  under 
conditions  which  have  restricted  their  dissemination  through  the  flower- 
loving  community.  There  are  many  which  ought  to  be  widely  known, 
especially  the  fascinating  dwarf  shrubs  and  dwarf  trees  of  the  far  East, 
.^hich  are  sure  to  And  sooner  or  later  a  warm  welcome  among  us. 

X.— FORAGE  PLANTS. 

Next  to  the  food  plants  for  man,  there  is  no  single  class  of  commer- 
cial plants  of  greater  interest  than  the  food- plants  for  flocks  and  herds. 
Forage  plants,  wild  and  cultivated,  are  among  the  most  important  and 
highly  valued  resources  of  vast  areas.  No  single  question  is  of  more 
vital  consequence  to  our  farthest  West  and  Southwest. 

It  so  happens  that  the  plants  on  which  the  pastoralist  relies  grow 
or  are  grown  on  soil  of  inferior  value  to  the  agriculturist.  Even  soil 
which  is  almost  sterile  may  possess  vegetation  on  which  flocks  and 
herds  may  graze,  and  further,  these  animals  may  thrive  in  districts 
where  the  vegetation  appears  at  first  sight  too  scanty  or  too  forbidding 
even,  to  support  life.  There  are  immense  districts  in  parts  of  the  Aus- 
tralian continent  where  flocks  are  kept  on  plants  so  dry  and  desert- 


•  The  Flowers  of  Japan  and  the  Art  of  Floral  Arrangement,  By  Josiah  Conder. 
F.  R.  I.  B.  A.y  Architect  to  the  Imperial  Japanese  Goyemment.  Yokohama,  1891. 
See  also  two  other  works  by  the  same  author :  Theory  of  Japanese  Flower^arrange' 
ments,  and  Art  of  Landscape-gardening  in  Japan,    (1886.) 

^Ibidem. 

H.  Mis.  334,  pt.  1 41 
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like  that  an  inexperienced  person  would  pass  them  by  as  not  fit  for 
his  sheep;  and  yet,  as  Mr.  Samuel  Dixon*  has  well  shown,  these  plants 
are  of  high  nutritive  value  and  are  attractive  to  tlocks. 

Relegating  to  the  foot-notes,  brief  descriptions  of  a  few  of  the  fodder 
plants  suggested  for  use  in  dry  districts,  I  shall  now  mention  the  salt 
bushes  of  various  sorts,  and  the  allied  desert  plants  of  Australia  as 
worth  a  careful  trial  on  some  of  our  very  dry  regions  in  the  farthest 
west.  There  are  numerous  other  excellent  fodder  plants  adapted  to  dry 
but  not  parched  areas  which  can  be  brought  in  from  the  corresponding 
districts  of  the  southern  hemisphere  and  from  the  East. 

At  an  earlier  stage  of  this  address,!  I  have  had  occasion  to  refer  to 
Baron  Von  Mueller,  whose  efforts  looking  towards  the  introduction  of 
useful  plants  into  Australasia  have  been  aided  largely  by  his  convenient 
treatise  on  economic  plants.  It  may  be  said  in  connection  with  the 
foddli-  plants,  especially,  that  much  which  the  Baron  has  written  can 
be  applied  mutatis  mutandis  to  parts  of  our  own  country. 

The  important  subject  of  introducing  fodder  plants  has  been  purposely 
reserved  to  the  last  because  it  permits  us  to  examine  a  practical  point 
of  great  interest.  This  is  the  caution  which  it  is  thought  necessary 
to  exercise  when  a  species  is  transferred  by  our  own  choice  from  one 
country  to  another.  I  say,  by  our  choice,  for  whether  we  wish  it  or  not 
certain  plants  will  introduce  themselves.  In  these  days  of  frequent 
and  intimate  iuter-comnmnication  between  different  countries  the  exclu- 
sion of  foreign  plants  is  simply  impossible.  Our  common  weeds  are 
striking  illustrations  of  the  readiness  with  which  plants  of  one  country 


*  Mr.  Sainuol  Dixou's  list  is  in  vol.  viii  (for  1884-85)  of  the  Tranaaciions  and  Pro- 
ccedivga  avd  Jiepori  of  ihe  Jioyal  Sociefy  of  Soufh  Jutftralia,  Adelaide,  G.  BobertsoD, 
1886.  Jiursaria  spinosay  **  a  good  stand-by,"  after  the  grasses  dry  up.  PomaderriM 
racemosaj  "stands  st^ocking  well."  Pittosporum  phyllaeroides,  ** sheep  exceedingly 
partial  1o  its  foliage.  '^  Casuarina  qvadrivalvU,  ** tenderness  of  fiber,  wool  would  be 
represented  by  it  in  our  finer  wool  districts. "  Acacia$,  The  Wattles;  '*  value  as  an 
astringent,  very  great, "  being  curative  of  a  malady  often  caused  by  eating  frozen 
graas.  Acacia aneura  (mulga);  "  must  be  very  nutritious  to  all  animals  eating  it." 
This  is  the  plant  which  is  such  a  terror  to  the  stockmen  who  have  t^  ride  through 
the  ''scrub. "  Caaaia,  some  of  the  species  with  good  pods  and  leaves  for  sheep.  The 
foregoing  are  found  in  districts  which  are  not  wholly  arid.  The  foUowing  are  more 
properly  "  dry  "  jilants.  Sidapeirophila^  "  as  much  liked  by  sheep  as  by  marsupials.  " 
Dodonaca  viscoaa^  Native  Hop-bush ;  "  likes  warm,  red,  sandy  ground. "  Lycium  aua- 
trale,  ** drought  never  seems  to  aflfect  it. "  Kochia  aphylla:  "  All  kinds  of  stock  are 
often  largely  dependent  on  it  during  protracted  droughts."  Phagodia  parabolica: 
** Produces  a  good  deal  of  foliage."  Jiriplex  vetficaria:  "Can  be  readily  grown 
wherever  the  climate  is  not  too  wet. "  1  have  transferred  only  those  which  Mr.  Dixon 
thinks  most  worthy  of  trial.  Compare  also  Dr.  Vasey^s  valuable  studies  of  the  plants 
of  our  dry  lands,  especially  Grasses  and  forage  plants  (1878),  Grasses  of  the  arid  dis- 
tricts of  Kansas,  Nebraska,  and  Colorado  (1886),  Grasses  of  the  South  (1887). 

f  See  foot-note  at  pages  617, 618. 
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make  for  tbemselveB  a  home  in  another.  *  All  but  two  of  the  prominent 
weeds  of  the  Eastern  States  are  foreign  intruders. 

There  are  all  grades  of  persistence  in  these  immigrants.  Near  the 
ballast  grounds  of  every  harbor,  or  the  fields  close  by  woolen  and  paper 
mills  where  foreign  stock  is  used,  you  will  observe  many  foreign  plants 
which  have  been  introduced  by  seed.  For  many  of  these  you  will 
search  in  vain  a  second  year.  A  few  others  persist  for  a  year  or  two 
longer,  but  with  uncertain  tenure  of  the  land  which  they  have  invaded ; 
others  still  have  come  to  stay.  But  happily  some  of  the  intruders  which 
seem  at  first  to  gain  a  firm  foothold,  lose  their  ground  after  a  while. 
We  have  a  conspicuous  example  of  this  in  a  hawk- weed,  which  was  very 
threatening  in  New  England  two  years  ago,  but  is  now  relaxing  its  hold. 

Another  illustration  is  afforded  by  a  water  plant  which  we  have 
given  to  the  Old  World.  This  plant,  called  in  our  botanies  AnachariSy 
or  Elodea,  is  so  far  as  1  am  aware  not  troublesome  in  our  ponds  and 
water  ways,  but  when  it  was  carried  to  England,  perhaps  as  a  plant 
for  the  aquarium,  it  was  thrown  into  streams  and  rivers  with  a  free 
hand.  It  spread  with  remarkable  rapidity  and  became  such  an  unmit- 
igated nuisance  that  it  was  called  a  curse.  Efforts  to  extirpate  it 
merely  increased  its  rate  of  growth.  Its  days  of  mischief  are  how- 
ever nearly  over,  or  seem  to  be  drawing  to  a  close,  at  least  so  Mr. 
Lynch,  of  the  Botanic  Garden  in  Cambridge.  England,  and  others  of 
my  informants  think.  The  history  of  the  plant  shows  that  even  under 
conditions  which  so  far  as  we  can  see,  are  identical  with  those  under 
which  the  plant  grew  in  its  home,  it  may  for  a  time  take  a  fresh  lease 
of  life  and  thrive  with  an  undreamed-of  energy. 

What  did  Anaeharitt  find  in  the  waters  of  England  and  the  continent 
that  it  did  not  have  at  home,  and  why  should  its  energy  begin  to  wane 
now? 

In  Australasia  one  of  the  most  striking  of  these  intruders  is  sweet- 
briar.  Introduced  as  a  hedge  plant  it  has  run  over  certain  lands  like 
a  weed,  and  disputes  every  acre  of  some  arable  plats.  From  the  fa- 
cility with  which  it  is  propagated,  it  is  almost  ineradicable.  There  is 
something  astounding  in  the  manner  in  which  it  gains  and  holds  its 
ground.  Gorse  and  brambles  and  thistles  are  troublesome  in  some 
localitiei:^,  and  they  prove  much  less  easy  to  control  than  in  Europe. 
The  effect  produced  on  the  mind  of  the  colonist  by  these  intruding 
pests  is  everywhere  the  same.  Whenever  in  an  examination  of  the 
plants  likely  to  be  worthy  of  trial  in  our  American  dry  lauds  the  sub- 
ject was  mentioned  by  me  to  Australians,  I  was  always  enjoined  to  be 


*  The  weeds  of  German  gardens  and  agricultural  lands  are  mostly  from  Mediterra- 
nean regions,  but  the  invasions  in  the  uncultivatoddisfrrictsarochiefly  from  America 
(such  as  Oenothera^  Mimulus,  liudbcckia).  Kandhnch  der  Pflanzengeographie,  von  Dr. 
Oscar  Drude  (Stuttgart),  1890,  p.  97. 
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cautious  as  to  what  plaut^s  I  might  suggest  for  introduction  fix>m  their 
country  into  our  own.  My  good  friends  insisted  that  it  was  bad 
enough  to  have  as  pests  the  plants  which  come  in  without  our  planning 
or  choice^  and  this  caution  seems  to  me  one  which  should  not  be 
forgotten. 

It  would  take  us  too  far  from  our  path  to  inquire  what  can  be  the 
l)0ssible  reasons  for  such  increase  of  vigor  and  fertility  in  plants  which 
are  transferred  to  a  new  home.  We  should  have  to  examine  all  the 
suggestions  which  have  been  made,  such  as  fresh  soil,  new  skies, 
more  efficient  animal  friends  or  less  destructive  enemies.  We  should 
be  obliged  also  to  see  whether  the  possible  wearing  out  of  the  energy 
of  some  of  these  plants  after  a  time  might  not  be  attributable  to  the 
decadence  of  vigor  through  unintemipted  bud  propagation,  and  we 
should  have  to  allude  to  many  other  questions  allied  to  these.  But  for 
this  time  fails. 

Lack  of  time  also  renders  it  impossible  to  deal  with  the  questions 
which  attach  themselves  to  our  main  question,  esi)ecially  as  to  the 
limits  of  effect  which  cultivation  may  produce.  We  can  not  touch  the 
problem  of  inheritance  of  acquired  peculiarities,  or  the  manner  in  which 
cultivation  predisposes  the  plant  to  innumerable  modifications.  Two 
of  these  modifications  may  be  mentioned  in  passing,  because  they  serve 
to  exemplify  the  practical  character  of  our  subject. 

Cultivation  brings  about  in  plants  very  curious  morphological 
changes.  For  example,  in  the  case  of  a  well-known  vegetable,  the  num- 
ber of  metamorphosed  type  leaves  forming  the  ovary  is  two,  and  yet 
under  cultivation  the  number  increases  irregularly  until  the  full  num- 
ber of  units  in  the  type  of  the  flower  is  reached.  Prof.  Bailey,  of  Cor- 
nell, has  called  attention  to  some  further  interesting  changes  in  the 
tomato,  but  the  one  mentioned  suffices  to  illustrate  the  direction  of 
variation  which  plants  under  cultivation  are  apt  to  take.  Monstrosi- 
ties are  very  apt  to  occur  in  cultivated  plants,  and  under  certain  condi- 
tions may  be  perpetuated  in  succeeding  generations,  thus  widening  the 
field  from  which  utilizable  plants  may  be  taken. 

Another  case  of  change  produced  by  cultivation  is  likewise  as  yet 
wholly  unexplained,  although  mu(»h  studied,  namely,  the  mutual  inter- 
action of  scion  and  stock  in  grafting,  budding,  and  the  like.  It  is 
probable  that  a  ftirther  investigation  of  this  subject  may  yet  throw 
light  on  new  possibilities  in  plants. 

We  have  now  arrived  at  the  most  practical  question  of  all,  namely, 

In  what  way  can  the  range  of  commercial  botany  be  extended?  In 
what  manner  or  by  what  means  can  the  introduction  of  new  species  be 
hastened? 

It  is  ix)ssible  that  some  of  you  are  aware  of  the  great  amount  of 
unco-ordinated  work  which  has  been  done  and  is  now  in  hand  in  the 
direction  of  bringing  in  new  plants. 
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The  competition  between  the  importers  of  new  plants  is  so  great 
both  in  the  Old  World  and  the  New  that  a  very  large  proportion  of 
the  species  which  wonld  naturally  commend  themselves  for  the  use  of 
dorists,  for  the  adornment  of  greenhouses,  or  for  commercial  ends, 
have  been  at  one  time  or  another  brought  before  the  public,  or  are  be- 
ing accumulated  in  stock.  The  same  is  true,  although  to  a  less  extent, 
with  regard  to  useful  vegetables  and  fruit.  Hardly  one  of  those  which 
we  can  suggest  as  desirable  for  trial  has  not  already  been  investigated 
in  Europe  or  this  country  and  reported  on.  The  p<ages  of  our  chemi- 
cal, pharmaceutical,  medical,  horticultural,  agricultural,  and  trade 
journals,  especially  those  of  high  grade,  contain  a  wealth  of  material 
of  this  character. 

But  what  is  needed  is  this,  that  the  promising  plants  should  be  sys- 
tematically investigated  under  exhaustive  conditions.  It  is  not  enough 
that  an  enthusiast  here  or  an  amateur  there  should  give  a  plant  a  trial 
under  imperfectly  understood  conditions  and  then  report  success  or 
failure.  The  work  should  be  thorough  and  every  question  answered 
categorically,  so  that  we  might  be  placed  in  possession  of  all  the  facts 
relative  to  the  object  experimented  upon.  But  such  an  undertaking 
requires  the  co-operation  of  many  different  agencies.  I  shall  venture 
to  mention  some  of  these. 

In  the  first  place,  botanic  gardens  amply  endowed  for  research. 
The  Arnold  Arboretum,  the  Sbaw  Garden,  and  the  Washington  Exper- 
imental Garden  are  American  illustrations  of  what  is  needeil  for  this 
purpose.  University  gardens  have  their  place  in  instniction,  but  can 
not  wisely  undertake  this  kind  of  work. 

In  the  second  place,  museums  and  laboratories  of  economic  bot- 
any. Much  good  work  in  this  direction  has  been  done  in  this  country 
by  the  National  Museum  and  by  the  department  in  charge*  of  the  inves- 
tigation of  new  plants.  We  need  institutions  like  those  at  Kew  in 
England,  and  at  Buitenzorg  in  Java,  which  keep  in  close  touch  with 
all  the  world.  The  founding  of  an  establishment  on  a  scale  of  magni- 
tude commensurate  with  the  greatness  and  needs  of  our  country  is  an 
undertaking  which  waits  for  some  one  of  our  wealthy  men. 

In  the  third  place,  experimental  stations.  These  may,  within  the 
proper  limits  of  their  sphere  of  action,  extend  the  study  of  plants  beyond 
the  established  varieties  to  the  species,  and  beyond  the  species  to 
equivalent  species  in  other  genera.  It  is  a  matter  of  regret  that  so 
much  of  the  energy  displayed  in  these  stations  in  this  country,  and  we 
may  say  abroad,  has  not  been  more  economically  directed. 

Great  economy  of  energy  must  result  from  the  recent  change  by 
which  co-ordination  of  action  is  assured.  The  influence  which  the  sta- 
tions must  exert  on  the  welfare  of  our  country  and  the  development  of 
its  resources  is  incalculable. 


*Thelist  of  economic  plants  published  by  the  Department  in  Washington  is  re- 
markably fall,  and  is  in  every  way  creditable  to  those  in  charge. 
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In  the  last  place,  but  by  no  means  least,  the  co-operation  of  all  who 
are  interested  in  scientific  matters,  through  their  observation  of  isolated 
and  associated  phenomena  connected  with  plants  of  supposed  utility, 
and  by  the  cultivation  of  such  plants  by  private  individuals,  uncon- 
nected with  any  State,  governmental,  or  academic  institutions. 

By  these  agencies,  wisely  directed  and  energetically  employed,  the 
domains  of  commercial  and  industrial  botany  will  be  enlarged.  To 
some  of  the  possible  results  in  these  domains  I  have  endeavored  to  call 
your  attention. 
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THE  EVOLUTION  OP  COMMERCE.* 


By  Gardiner  (j.  Hubbard. 


For  over  three  thousand  years  the  great  highway  for  commerce  has 
been  from  India  by  the  Persian  Gulf  and  the  Euphrates  or  by  the  Re<l 
Scii  to  tbe  Mediterranean,  and  thence  through  tlie  Mediterranean  by 
Gibraltar  to  western  and  northern  Europe,  and  in  our  day  thence  to 
America. 

Along  this  route  cities  and  nations  have  sprung  up,  increased  in 
wealth  and  power,  and  passed  away,  giving  place  to  other  cities  and 
nations  further  westward.  These  nations  have  been  great  carriers  and 
distributors  of  minerals  and  goods,  as  well  as  capitalists  and  bankers, 
or  carriers,  bankers,  and  manufacturers;  in  either  case  controlling  tlie 
cx)mmerce  of  the  world.  This  control  has  never  for  any  long  period 
been  held  by  the  same  race,  but  has  passed  Irom  one  nation  to  another, 
always  from  the  east  toward  the  west. 

The  earliest  highway  of  commerce  was  from  India  through  the  Per- 
sian Gulf,  up  the  Euphrates  to  the  Mediterranean ;  and  carpets  and 
precious  stimes  were  then  as  now  carried  over  this  route.  Explora- 
tions and  surveys  for  a  railroad  have  been  recently  made  along  this 
"our  future  highway  to  India."  Caravans  brought  spices  from  Arabia 
and  rich  stuff's  from  Babylon  and  Nineveh  to  the  shore  of  the  Bed  Sea. 
Solomon  made  a  navy  of  ships  and  Hiram  sent  in  the  navy  his 
"Servants,  shipmen  that  ha<l  knowledge  of  the  sea,  and  they  brought 
gold  from  Ophir,  great  plenty  of  almug  trees,  and  precious  stones." 

Tyre  and  Sidon  founded  colonies  on  the  shores  of  the  Mediterranean, 
enslaving  the  Spaniards  and  compelling  them  to  work  the  mines  of 
gold  and  silver  already  opened  in  Spain.  Their  shiim  sailed  through 
the  Mediterranean,  by  the  Pillars  of  Hercules,  into  the  Atlantic  Ocean, 
turning  northward  to  England  for  tin  and  copper  and  on  into  the  Bal- 
tic sea  for  furs  and  amber,  turning  southward  ah)ng  the  western  coast 
of  Africa,  passing  certainly  2,000  miles  to  the  ecjuator,  and  probably 
rounding  the  Cai)e  of  Good  Hope  into  the  Indian  Ocean.  Products 
from  the  west  were  brought  in  ships  to  Tyre  and  Sidon  and  exchanged 


*  Presidential    ncldress  to    tbe   Natiinial    (Jeographic   Society,  January  15,  1892. 
(From  The  National  Geographic  Magazine^  March  26,  1SI>2:  vol.  iv,  pp.  1-18). 
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for  the  goods  of  the  east,  their  merchants  making  profits  on  each  trans- 
action both  as  merchants  and  as  carriers.  Tyre  and  Sidon  became 
wealthy,  luxurious,  and  effeminate.  Some  of  their  citizens  saw  in 
Africa  a  richer  soil  and  a  better  situation  for  a  large  city,  and  founded 
Carthage.  The  ("arthagenians  inherited  the  trade  of  Tyre  and  Sidon, 
and  in  addition  opened  highways  to  Egypt  and  into  the  interior  of 
Africa,  bartering  their  wares  in  Egypt  for  com  and  grain,  and  in  Africa 
for  ivory,  gems,  and  slaves.  They  planted  colonies  in  Africa  and 
Sicily,  and  for  a  time  were  successful  rivals  of  Greece  and  Eome. 

The  rule  of  the  ocean  transferred  from  Asia  to  Africa  remained  there 
but  a  short  time,  for  the  day  of  Europe  came  with  the  rise  of  Greece 
and  Bome. 

The  Greeks  founded  colonies  in  Asia  Minor,  Sicily,  and  Italy.  The 
ruins  of  great  cities  with  Grecian  temples  and  amphitheaters  are  found 
at  Girgenti  and  Sjrracuse  in  Sicily,  at  Pajstum  and  other  places  in 
Italy.  Under  Pyrrhus,  their  armies  were  defeated  by  the  Bomaus 
and  her  colonies  captured.  Deprived  of  these,  her  power  rapidly  de 
clined  and  she  became  a  Eoman  province. 

Bome. — ^Bome  founded  few  colonies,  but  she  conquered  the  nations  of 
Asia,  Africa,  and  Europe,  and  brought  under  her  sway  cities,  king- 
doms, and  empires.  She  boasted  of  500  cities  in  her  Asiatic  province 
that  had  been  founded  or  enlarged  and  beautified  by  the  CsBsars.  One 
hundred  and  twenty  vessels  each  year  brought  the  goods  of  India  from 
the  delta  of  the  Ganges,  and  large  fleets  from  Egypt  came  laden  with 
corn  and  grain.  She  imported  from  every  country,  but  exported  little, 
paying  for  her  imports  by  taxes  levied  on  her  colonists. 

Bome  was  the  first  power  to  incorporate  conquered  states  into  her 
dominion  and  extend  citizenship  to  all  the  people  in  her  Empire,  so  that 
Paul  could  say  in  truth,  <^  I  am  a  Boman  citizen  and  to  Caesar  I  appeal." 
So  salutary  and  beneficial  was  her  rule  that  under  it  these  countries 
prospered  more  than  under  their  own  rulers.  What  Bome  seized  with 
strong  hand  she  defendjed,  and  in  return  for  taxation  gave  protection. 
She  has  no  more  enduring  monument  than  her  roads,  the  remains  of 
which  are  now  found  in  every  country  of  Eurox>e.  Though  built  as 
military  and  post  roads,  they  were  used  largely  for  commerce.  All 
started  from  the  golden  mile-stone  in  the  forum ;  one  ran  over  the  Bren- 
ner pass  northeastward  to  the  Baltic  Sea,  another  followed  the  north- 
western coast  of  the  Mediterranean  to  Spain  and  southern  France, 
another  crossed  the  Alps  and  extended  through  France  to  the  British 
channel  and  through  England  to  Scotland,  where  the  Bomans  built  a 
wall,  ruins  of  which  now  bear  witness  to  its  strength.  Another  way 
went  southward  to  Naples  and  Brindisi,  and  another  led  eastward  to 
Macedonia  and  Greece.  As  these  were  the  only  roads  in  all  these  coun- 
tries-, it  was  truly  said,  "All  ways  lead  to  Bome;''  and  over  them  the 
messenger  of  Caesar  travelled  more  rapidly  than  the  mail-carrier  of 
our  fathers  on  our  mail  routes. 
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Venice  and  Genoa, — ^After  600  years  of  empire  Borne  fell,  and  the 
dark  ages  followed.  From  A.  d.  400  to  A.  d.  800  commerce  and 
trade  died  out.  The  only  vessels  on  the  Mediterranean  and  Baltic 
were  piratical  crafts;  Jerusalem  and  the  Holy  Land  were  captured  by 
the  Turks ;  the  Crusades  began,  forerunners  of  a  liigher  civilization  and 
more  extended  commerce.  Thousands  and  tens  of  thousands  of  people 
from  all  parts  of  £uroi>e  and  all  ranks  of  life,  bearing  the  pilgrim's 
badge— the  blood-red  cross— journeyed  toward  the  Holy  Land,  first  in 
vast  crowds  led  by  Peter  the  Hermit,  then  in  great  armies  led  by  kings 
and  generals.  For  years  this  movement  continued.  Venice  and 
Genoa  famished  ships  to  carry  the  armies  of  France  from  Italy 
to  the  Holy  Land.  The  Venetians  were  shrewd  merchants  and  drove 
hard  bargains,  stipulating  for  cessions  of  laud  at  the  best  com- 
mercial points  and  adequate  compensation  for  their  services.  After 
the  failure  of  each  Orusade  they  brought  back  remnants  of  the  troops 
and  pilgrims,  and  with  them  the  products  of  Asia  Minor,  and  books 
and  art  treasures  from  Greece.  These  were  distributed  all  over  Italy, 
and  led  to  the  renaissance  of  the  thirteenth  and  fourteenth  centuries. 

The  trade  with  the  east  brought  power  and  wealth  to  Venice  and 
Genoa.  They  founded  colonies  on  the  Black  Sea,  in  Asia  Minor,  and 
on  the  Asiatic  coast.  Venice  alone  had  3,000  vessels.  Their  com- 
merce was  not  confined  to  the  borders  of  the  Mediterranean,  for  the 
goods  of  the  Orient  were  distributed  by  the  way  of  Augsburg  and 
Nuremberg  to  the  interior  of  Germany  and  to  the  towns  of  the 
Hanseatic  confederation.  Thus  commerce  was  opened  with  the  in- 
terior of  Europe. 

By  the  failure  of  the  Crusades  the  power  of  the  Thirks,  which  had 
been  for  some  time  checked,  grew  and  increased.  They  conquered  the 
holy  places  of  the  earth,  Asia  Minor  and  Syria,  and  finally,  crossing 
into  Europe,  gained  Constantinople.  The  colonies  of  Venice  and  Genoa 
were  captured ;  their  fleets  disappeared  from  the  Mediterranean.  In 
western  Europe  the  Spaniards  under  Ferdinand  and  Isabella  con- 
quered the  Moors,  who  for  many  ages  had  occupied  the  larger  portion 
of  Spain;  and  as  the  Crescent  appeared  in  eastern  Europe  the  Cross 
triumphed  in  the  west. 

Spain  and  Portugal. — Then  a  new  power  appeared  upon  the  stage. 
Spain  and  Portugal  entered  upon  an  era  of  exploration  and  discovery 
in  regions  unknown  to  Venice  and  Genoa.  Commerce,  which  in  the 
middle  ages  had  been  confined  to  the  Mediterranean  Sea,  was  now  ex- 
tended to  the  countries  on  the  Atlantic  Ocean,  and  the  Cape  Verde 
Islands,  Madeira,  and  the  Canaries  were  discovered.  In  one  genera- 
tion (between  1470  and  1500  A.  d.)  more  and  greater  discoveries  were 
made  than  in  any  other  period  of  the  world's  history.  The  Portuguese 
sailed  along  the  eastern  coast  of  Africa  and  rounded  the  Cape  of  Good 
Hope;  Vasco  de  Gama  crossed  the  Indian  Ocean  to  India;  Columbus 
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sailed  westward  to  find  the  Orient  and  discovered  a  new  world;  Ma- 
gellan circum-navigated  tbe  globe;  Balboa  crossed  the  Isthmus  of 
Panama,  and  was  the  first  to  see,  on  the  same  day,  the  sun  rise  out  of 
the  Atlantic  and  set  in  the  Pacific;  and  soon  the  eastern  and  western 
coasts  of  America  were  explored  fipom  Newfoundland  to  Gai)e  Horn 
and  from  Cape  Horn  to  Panama. 

Both  Portugal  and  Spain  claimed  all  the  New  World,  and  as  they 
could  not  agree  upon  a  division  of  territory  they  referred  the  matter 
to  the  Pope,  who  divided  the  New  World  between  them.  The  Atlantic 
became  the  great  highway  for  commerce,  while  the  Mediterranean  was 
deserted,  and  Venice  and  Genoa  existed  only  in  the  past. 

The  commerce  of  Portugal  was  co-extensive  with  her  dominion,  which 
extended  from  Japan  and  the  Spice  Islands  and  India  to  the  Red  Sea, 
thence  to  the  Cape  of  Gk)od  Hope;  and  with  their  possessions  on  the 
eastern  and  western  shores  of  the  Atlantic  and  in  Africa  and  Brazil 
completed  their  maritime  empire,  the  most  extensive  the  world  has  ever 
seen.  Then  a  single  fleet  of  one  hundred  and  fifty  to  two  hundred  and 
fifty  caracks  sailed  from  the  port  of  Goato  Lisbon;  now  there  sails  but 
one  vessel  a  year  from  all  India. 

From  Spain  ships  sailed  both  to  the  Caribbean  Sea  and  to  Cape  Horn 
and  thence  to  Chile  and  Peru,  or  directly  northwestward  from  Cape 
Horn  to  the  Philippine  Islands.  Spain  conquered  Mexico,  Central 
America,  and  all  South  America  except  Brazil.  The  gold  and  silver  of 
Peru  and  Chile,  and  the  goods  of  the  Orient,  were  brought  to  Spain  and 
Portugal.  As  their  wealth  and  power  increased  the  spirit  of  explora- 
tion decreased,  and  for  nearly  two  hundred  years  the  Spanish  ships 
sailed  in  a  fixed  course  by  the  same  lanes,  exploring  the  ocean  neither 
toward  the  north  nor  the  south,  leaving  undiscovered  the  great  conti 
nent  of  Australia  and  numerous  groups  of  islands. 

The  Spanish  and  Portuguese  leaders  were  cavaliers,  who  despised  all 
commerce  excepting  in  gold  and  silver,  all  kinds  of  manufactures,  all 
manual  labor,  and  the  cultivation  of  the  ground.  They  came  not  to 
colonize,  but  to  satisfy  by  the  labor  of  the  enslaved  aborigines  their 
thirst  for  gold  and  silver.  The  whole  political  power  was  retained  by 
the  King  of  Spain  and  administered  by  Spaniards.  While  the  silver 
and  gold  of  America  and  the  wealth  of  the  Indies  ]>oured  into  the 
treasuries  of  Spain  they  wanted  nothing  more.  Like  ancient  Rome, 
they  took  all  the  wealth  of  the  conquered  countries,  making  no  return; 
but  they  did  not,  like  Rome,  give  wise  and  equitable  laws  and  a  stable 
government  to  the  countries  they  conquered. 

The  Netherlands. — ^The  inhabitants  of  the  Netherlands  were  maim- 
fa<;turers,  and  supplied  the  markets  of  Spain  and  Portugal  and  their 
colonies,  thus  reaping  as  large  profits  from  their  trmle  with  these  coun- 
tries as  the  Spanish  and  Portuguese  from  the  mines  of  gold  and  silver. 

No  part  of  Europe,  says  Motley,  seemed  so  unlikely  to  become  the 
home  of  a  great  nation  as  the  low  country  on  the  northwestern  coast 
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of  the  contineiit,  where  the  great  rivers,  the  Rhine  and  Scheldt,  emp- 
tied into  the  North  Sea,  and  where  it  was  hard  to  tell  whether  it  was 
land  or  water.  In  this  region,  oiitcrast  of  ocean  and  earth,  a  little  nation 
wrested  from  both  domains  tlieir  richest  treasures. 

Tlie  commerce  of  the  Hanseatic  Towns,  which  had  dex)ended  for  their 
trade  on  Venice  and  Genoa,  became  less  and  less  as  the  glory  of  those 
cities  waned.  Antwerp,  with  its  deep  and  convenient  rivers,  stretched 
its  arms  to  the  ocean  and  caught  the  golden  harvest  as  it  fell  from  its 
sisters'  grasp.  No  city  except  Paris  surpassed  it  in  population ;  none 
approached  it  in  splendor.  It  became  the  commercial  center  and  banker 
of  Europe;  5,000  merchants  daily  assembled  on  its  exchange;  2,500 
vessels  were  often  seen  at  once  in  its  harbor,  and  500  daily  miule  their 
entrance  into  it.  The  manufactures  of  Flanders  and  the  Netherlands 
had  been  noted  for  many  generations,  and  now  vastly  increased,  were 
distributed  all  over  the  world.  The  Netherlands,  though  the  small- 
est, became  the  wealthiest  nation  of  Europe.  Then  came  the  long-con- 
tinued war  with  Spain,  ending  in  the  siege  and  fall  of  Antwerp,  and  in 
the  imposition  of  such  taxation  as  no  other  country  had  ever  endured. 
As  Antwerp  had  grown  on  the  ruins  of  the  Hanseatic  Towns,  so  her  fall 
became  England's  gain. 

France  and  England. — In  America,  north  of  Mexico,  neither  silver  nor 
gold  had  been  found  to  tempt  the  Spanish  and  Portuguese.  The  larger 
portion  of  the  northern  Atlantic  coast  was  one  long  saud  beach,  broken 
by  great  estuaries  and  the  mouths  of  great  rivers;  the  rest  was  rocky 
and  rugged,  the  temperature  generally  cold,  the  laud  unfertile  and 
barren.  For  these  reasons  North  America  was  left  to  the  Fren(»li  and 
English.  The  French  claimed  Canada  and  the  whole  of  the  territory 
of  the  United  States  save  a  narrow  strip  of  land  on  the  Atlantic  coast. 
The  French  population  was  small,  and  was  made  up  principally  of  fur- 
traders  and  half  breeds;  Great  Britain  held  New  England,  Virginia, 
and  the  Oarolinas. 

After  the  first  fever  of  religious  colonization  had  passed,  about  the 
commencement  of  the  eighteenth  century,  there  was  scarcely  any  emi- 
gration from  England  to  America  and  but  little  trade  between  the  two 
countries.  The  population  of  North  America  was  small,  its  commerce 
less,  with  little  profit  to  the  European  merchants.  The  country  pos- 
sessed no  peculiar  advantages  for  the  production  of  articles  of  value 
in  foreign  markets;  there  was  nothing,  therefore,  to  invite  immigration 
or  commerce. 

The  chief  inducement  to  the  English  to  navigate  the  Atlantic  wsis 
the  hope  of  capturing  the  treasure  laden  Spanish  galleons  and  the  rich 
Spanish  cities. 

Sir  P'rancis  Drake,  Sir  Walter  Raleigh,  and  other  navigators,  aided 
by  Queen  Elizabeth,  with  bands  of  buccaneers,  refugees  from  all  coun- 
tries, though  mostly  Englishmen,  explored  the  recesses  of  the  Carib- 
bean Sea,  crossed  the  Isthmus  of  Panama,  and  launched  their  little 
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vcaBsels  on  the  Pacific.  In  15  years  they  captured  545  treasure  shipa, 
tracked  maoy  tovns,  trained  the  English  seaman,  and  laid  the  founda- 
tion fi>r  the  navy  of  Great  Britain* 

The  grovth  of  English  commerce  was  slower  than  that  of  Spain, 
PortngaL,  or  Holland,  and  it  was  not  ontil  the  middle  of  the  eighteenth 
eentnry,  or  250  years  alter  the  discoTery  of  America*  that  she  entered 
upon  that  career  which  gave  her  the  contnrf  of  the  ocean.  Her  com- 
meree  was  boilt  np  by  protectiTe  laws,  founded  on  the  navigation  act 
€4  1651,  which  prohibited  foreign  vessels  from  carrying  to  or  from 
England  the  commerce  of  any  country  but  its  own.  These  laws  were 
aniversally  regarded  as  am<mg  the  chief  causes  and  most  important 
bulwarks  of  the  prosperity  of  Great  Britain,  and  they  were  continned 
until  English  ships  controUed  the  carr3ring  trade  of  the  world,  and 
were  not  finally  repealed  until  1854. 

The  mechanical  devices  of  Watt,  Arkwright,  and  other  great  invent- 
ors gave  to  En^nd  that  supremacy  in  manufactures  which  she  has 
ever  since  retained.  The  French  revolution,  a  little  later,  aroused  the 
fear  of  the  statesmen,  merchants,  and  capitalists  of  England  that  the 
energy  of  the  new  Republic  would  be  as  omnipotent  in  mercantile  affiurs 
as  on  the  field  of  battle.  They  believed  that  France  might  regain  the 
colonies  and  with  them  the  commerce  she  had  lost,  and  therefore  Eng- 
land declared  war  against  Napoleon,  which  was  carried  on  almost  con- 
tinuously from  1 793  to  1815.  The  shipping  of  the  Continent  disappeared 
or  was  captured  by  the  fleets  of  England;  the  colonies,  and  with  them 
the  commerce,  of  Spain  and  Portugal,  Holland  and  France,  x>assed  to 
England;  and  though  she  is  still  burdened  with  the  debt  then  created, 
she  has  never  lost  the  commerce  and  canying  trade  she  then  obtained. 

The  population  of  the  colonies  of  Great  Britain  is  about  one-si3cth  of 
the  entire  iK)pulation  of  the  globe,  and  their  territory  comprises  eighty 
per  cent  of  the  available  temperate  regions  of  the  earth  belonging  to 
the  Anglo-Saxon  race. 

The  commerce  of  England  has  given  wealth  to  her  bankers  and  mer- 
chants, and  employment  to  her  artisans,  shipbuilders,  iron-workers, 
miners,  and  manufacturers.  Her  exports  of  produce  and  manufactures 
have  increased  500  per  cent  in  fifty  years,  or  from  $356,000,000  in  1840 
to  $1,577,000,000  in  1890,  and  are  carried  by  her  ships  to  every  quarter 
of  the  globe.  Though  dependent  on  America  for  her  food  supplies, 
these  are  moved  in  British  ships.  The  commerce  of  the  world  pays 
tribute  to  the  bankers  of  London  and  makes  that  city  the  money  center 
of  the  world.  Her  best  market  is  India,  and  from  India  comes  her 
largest  imports;  next  to  this,  those  from  the  United  States. 

/nJia.— Egypt,  Nineveh,  and  Babylon  in  prehistoric  times.  Tyre  and 
Sidon  and  Greece  under  Alexander,  Carthage  and  Borne  under  the 
Caesars,  Venice  and  Genoa  in  the  middle  ages,  Portugal  and  Holland, 
and  lastly  England,  have  drawn  great  stores  of  wealth  from  India, 


Digitized  by  VjOOQ IC 


THE  EVOLUTION  OP  COMMERCE.  653 

From  India  science  and  literature  were  handed  on  to  Europe,  and 
from  India  has  come  the  religion  of  more  than  half  of  the  human  race. 
For  India  the  Spanish  sailed  westward;  for  India  the  Portuguese  sailed 
eastward.  Portugal  was  the  first  to  reach  the  goal  and  obtain  the 
prize.  Greater  riches  have  been  drawn  from  India  than  from  the  gold 
and  silver  mines  of  America;  since  for  all  ages  it  has  been  the  store- 
house from  which  treasures  were  derived.  Portugal  held  India  from 
about  1500  to  1600.  Ships  brought  the  silks  and  precious  stones  of 
India  to  Lisbon,  where  they  were  sold  to  the  Dutch  and  distributed  by 
them  through  Europe.  Spain  conquered  Portugal,  and  to  avenge  her- 
self on  Holland  excluded  her  merchants  from  Lisbon.  They  then  sailed 
directly  for  India,  disx)ossessed  the  Portuguese,  and  the  commerce  of 
India  was  for  the  next  hundred  years  controlled  by  Holland. 

Then  for  a  short  time  India  was  divided  between  France  and  England, 
but  under  Lord  Clive  and  Warren  Hastings  the  possessions  of  France 
passed  to  the  East  India  Company,  and  when  their  charter  expired  it 
was  made  a  province  of  the  Crown,  and  the  Queen  of  England  became 
Empress  of  India. 

Unlike  Rome  and  Spain  in  their  dealings  with  conquered  nations, 
England  gives  a  fair  exchange  for  all  she  takes,  and  rules  in  India  for 
India,  giving  a  more  stable  and  equitable  government  than  India  ever 
before  enjoyed. 

To-day  Tyre,  Sidon,  and  Carthage  are  known  only  by  their  ruins  j  the 
glory  of  Greece  and  Bome,  of  Venice  and  Genoa,  has  passed;  the  power 
of  Spain  and  Portugal  has  waned,  while  India  is  developing  a  social, 
moral,  and  i)olitical  prosperity,  with  wealth  and  conunerce  unknown 
in  any  former  x>eriod  of  her  history. 

Suez  Canal. — ^Much  of  the  trade  of  India  in  ancient  times  passed 
through  a  canal  connecting  the  Bed  Sea  with  the  Mediterranean,  the 
remains  of  which  still  exist,  and  efforts  to  re-open  it  have  been  made  at 
different  times  by  Egypt  without  success.  In  1866  De  Lesseps  obtained 
concessions  from  the  Khedive  for  the  Suez  Canal,  and  commenced  the 
work  under  the  directions  of  the  best  engineers  of  Europe.  De  Les- 
seps applied  to  English  capitalists  for  help,  but  they  were  deterred  by 
Lord  Palmerston,  who  said  he  "would  pppose  the  work  to  the  very 
end.''  Mr.  Stevenson,  the  engineer,  supported  Lord  Palmerston,  declar- 
ing that  *'  the  scheme  was  impracticable,  except  at  an  exi>ense  too  great 
to  warrant  any  expectation  of  returns.''  The  Emperor  of  France  lent 
his  name  to  the  company,  and  large  sums  of  money  were  raised  in 
France;  but  the  canal  was  constructed  mainly  by  the  money  and  labor- 
ers of  Egypt.  It  was  opened  in  1869,  and  immediately  English  steamers 
began  to  sail  through  the  canal,  and  the  route  around  the  Cape  of  Good 
Hope  was  almost  abandoned.  Other  flags  soon  followed,  and  the  com- 
merce with  India  and  the  East,  so  long  lost  to  Yenice  and  the  ports  of 
the  Mediterranean!  was  reviyed. 
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In  1875,  Lord  Beaconsfield  purcba«e<l  for  England  a  controlling 
interest  in  the  Suez  Canal,  and  England  now  rules  both  Egypt  and  the 
canaL  The  vessels  of  all  the  maritime  nations  of  the  world  are  con- 
stantly passing  through  the  canal,  with  the  single  exception  of  those 
of  the  United  States. 

Colonies.— The  commerce  of  the  great  nations  of  the  world  has  been 
principally  with  their  c-olonies  or  dependencies,  and  from  this  com- 
merce they  have  derived  their  wealth.  The  mother  country  in  return 
for  its  real  or  nominal  protection,  and  for  its  own  aggrandizement,  has 
restricted  the  commerce  of  her  colonies. 

The  Euroi)ean  nations  adopted  four  classes  of  restrictions: 

(1)  Restricting  the  exportation  of  goods  from  the  colony  except  to 
the  mother  country. 

(2)  Bestricting  the  importation  of  goods  from  foreign  countric?s  into 
the  colonies. 

(3)  Restricting  the  exportation  or  importation  of  goods  excepting 
in  ships  of  the  mother  country. 

(4)  Restricting  the  manufacture  of  their  own  raw  products  by  the 
colonies.  So  strong  was  this  feeling  in  England  that  even  Lord 
Chatham  declared  in  Parliament,  "The  British  colonies  of  North 
America  have  na  right  to  manufacture  even  a  nail  or  a  horseshoe." 

Most  of  these  restrictions  have  been  removed,  though  the  result  still 
remains. 

The  Phoenicians,  Carthageniaus,  and  Greeks  had  colonies  on  the 
Mediterranean.  The  Romans  conquered  and  held  as  subjects  nations 
and  empires.  Venice  and  Genoa  had  colonies  on  the  Black  and  Medi- 
teiTanean  seas.  Spain  and  Portugal  held  as  dependencies  all  Central 
America,  South  America,  Africa,  India,  and  the  islands  of  the  Pacific. 
The  Dutcth  Republic  and  France  planted  colonies  in  India  and  America. 
England  has  colonies  in  every  part  of  the  world,  and  on  her  dominion 
the  sun  never  sets. 

Germany,  France,  Portugal,  and  Russia,  appreciating  the  necessity 
of  colonies  for  the  extension  of  their  commerce  and  for  opening  new 
markets  for  their  manufacturer,  are  planting  colonies — France  in  Cochin 
China,  Germany  on  the  eastern  and  western  coasts  of  Africa  and  the 
islands  of  the  Pacific.  Portugal,  aroused  to  a  new  life,  is  deterun'ned 
to  hold  her  remaining  possessions  in  Africa;  Russia  is  steadily  adding 
to  her  dominions  in  Asia,  and  her  railway  from  the  Caspian  Sea  to 
Samarcand  has  oi>ened  in  western  and  a  part  of  central  Asia  a  market 
for  her  manufactures  and  commerce  hitherto  supplied  by  Great  Britain. 

United  States. — ^The  United  States  is  the  only  nation  that  has  become 
great  without  colonies  and  without  foreign  commerce  and  shipping. 
Its  vast  extent  of  territory,  where  the  east  and  west,  the  north  and 
south  are  separated  more  widely  than  the  colonies  of  Tyre  and  Sidou 
at  of  Carthage  and  Rome  from  the  mother  countries;  the  great  variety 
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of  climate,  the  fertile  soil,  its  varied  occupations  and  mauufacture.8, 
and  a  widely  distributed  population  have  created  an  enormous  inland 
commerce  and  given  that  trade  and  wealth  which  other  countries  find 
in  commerce  and  exchange  with  their  colonies.  Our  x)opulation,  wealth, 
internal  commerce,  exports  and  imports  have  increased  at  a  more  rapid 
rate  than  those  of  any  other  nation  in  a  similar  period.  This  is  not 
due  in  any  great  degree  to  immigration,  for  our  population  has  increased 
in  no  greater  ratio  since  this  immigration  commenced  than  before,  and 
experts  believe  that  it  would  have  been  as  large  and  more  homogeneous 
without  immigration.  We  had  at  one  time  a  large  foreign  commerce, 
and  our  merchants  were  the  first  to  establish  direct  trade  with  China 
and  the  East  Indices;  the  Stars  and  Stripes  were  seen  floating  on 
every  sea  and  flying  in  every  harbor,  and  for  years  we  were  the  second 
maritime  nation  of  the  world. 

The  commerce  of  the  world  passed  from  wooden  sailing  ships  to 
side-wheel  steamers,  to  iron  and  then  to  steel  pr(^pellers ;  England  was 
a  worker  in  iron  and  machinery  of  every  kind;  we  were  not.  The  civil 
war  came  and  hastened  the  day  which  was  sure  to  come.  Our  shipping 
faded  away  faster  than  it  had  arisen,  while  that  of  Great  Britain  in- 
creased as  rapidly  as  ours  decreased.  This  was  not  owing  to  a  decrease 
of  our  foreign  trade,  for  during  the  last  twenty  years  our  exports  and 
imports  have  increased  more  than  twice  as  rapidly  as  tliose  of  Great 
Britain.*  Eighty-seven  per  cent  of  these  exports  and  imports  are 
carried  in  British  ships,  consigned  to  English  houses  which  have  been 
established  in  every  large  ))ort  in  the  world,  and  the  proceeds  are 
usually  remitted  to  the  London  banker. 

Fortunately,  our  flag  never  disappeared  from  our  inland  waters  and 
from  our  coasting  trade,  for  foreigners  are  excluded  from  the  coasting 
trade,  even  where  the  ports  are  15,000  miles  apart  by  water. 

The  substitution  of  steamers  for  sailing  ships  and  of  steel  for  wooden 
propellers,  which  took  place  from  ten  to  twenty  years  ago  on  the  ocean, 
is  now  going  rapidly  on  ui>on  our  lakes.  Where  in  188(>  there  were  but 
6  steel  propellers,  now  there  are  68,  and  of  2,225  vessels  on  the  north- 
ern Lakes,  1,153  are  steamers,  902  are  sailing  vessels.  The  iiction  of  Con- 
gress in  providing  for  the  construction  and  equipment  of  war  vessels  by 
competition  has  led  our  ship-builders  within  the  last  eight  years  to 
establish  ship-yards  and  machine  shops  where  the  largest  ships  can  be 
built,  and  we  are  now  building  as  large  and  fast  vessels  of  war  as  Eng- 
land. Our  ship-builders  claim  that  they  can  construct  shii)s  equal  in 
carrying  capacity,  speed,  and  strength  to  those  of  Great  Britain,  and 
at  no  greater  cost,  though  they  can  not  be  run  so  cheaply  because  our 
sailors  are  better  housed,  fed,  and  paid  than  those  of  other  nations. 

*The  exports  of  the  United  States  have  increased  112  per  cont^  the  exports  and 
imports  92  per  cent;  the  exports  of  Great  Britain  35  per  cent,  her  exports  and  im- 
ports 37  per  cent. 


Digitized  by  VjOOQ IC 


656  THE   EVOLUTION   OF   COMMERCE. 

The  day  will  surely  come  when  commerce  will  make  her  last  movement 
westward,  when  America,  lying  between  Europe  and  Asia,  with  her 
boundless  mineral  and  agricultural  resources,  her  manufacturing  facil- 
ities, her  extended  sea-coasts,  will  be  the  foremost  nation  and  New 
York  the  commercial  capital  of  the  world. 

Nicaragua  Canal. — ^From  New  York  to  San  Francisco  by  land  is  about 
3,000  miles,  by  water  it  is  about  15,000  miles,  yet,  notwithstanding  the 
greater  distance,  freight  is  constantly  sent  by  water.  From  San  Fran- 
cisco it  is  about  the  same  distance  by  water  to  either  New  York  or 
London.  If  a  water-way  could  be  opened  across  the  Isthmus  of  Panama 
from  one  ocean  to  the  other,  the  distance  from  New  York  to  San  Fran- 
cisco would  be  diminished  more  than  one-half,  and  San  Francisco  would 
be  over  2,000  miles  nearer  New  York  than  London.  The  first  propo- 
sition for  canals  connecting  the  two  oceans  was  made  in  1550,  suggest- 
ing two  routes,  by  Panama  and  Nicaragua  j  and  explorations  and  sur- 
veys of  both  have  been  frequently  made,  and  various  attempts  made 
for  their  construction. 

The  success  of  the  Suez  Canal  induced  M.  de  Lesseps  to  undertake 
the  connection  of  the  two  oceans  by  the  construction  of  the  Panama 
Canal,  believing  that  the  tonnage  passing  through  it  would  equal  that 
of  the  Suez  Canal.  This  work  has  not  been  successful;  the  canal  re- 
mains unfinished,  with  no  prospects  of  completion. 

Several  hundred  miles  north  of  Panama  is  the  lowest  continental 
divide;  148  feet  above  tide  water  on  the  Pacific  slope  of  this  divide  is 
Lake  Nicaragua,  connected  by  the  river  San  Juan  with  the  Atlantic; 
up  this  river  and  through  this  lake,  some  thirty  years  ago,  was  one  of 
the  regular  ways  of  inter-commuuication,  both  for  freight  and  passen- 
gers, between  New  York  and  California. 

The  Maritime  Canal  Company  and  the  Canal  Construction  Company, 
organized  by  Americans,  have  obtained  concessions  from  Nicaragua, 
and  have  made  surveys  for  canal,  slack-water,  and  lake  navigation  from 
Greytown  on  the  Atlantic  through  Lake  Nicaragua  to  Brito  on  the  Pa- 
cific, a  distance  of  170  miles.  A  harbor  has  been  opened  at  Greytown 
and  ex)n8iderable  work  performed  on  the  canal.  The  Panama  route  had 
the  great  advantage  of  an  open  channel  from  ocean  to  ocean,  whereas 
the  Nicaragua  route  requires  several  locks  to  cross  the  divide;  but 
Brito  is  some  600  or  700  miles  nearer  California  than  Panama,  a  saving 
in  distance  that  will  compensate  for  the  delay  in  locking.  The  open- 
ing of  this  canal  will  be  the  greatest  l)enefit  that  could  be  conferred 
ui)on  our  commerce  and  shipping. 

Freights  by  water  between  New  York  and  California  are  now  so 
high  that  a  large  portion  goes  by  railroad.  The  effect  that  this  canal 
should  produce  will  be  evident  if  we  consider  the  great  difference  in 
expense  between  land  and  water  carriage.  Bail  rates  between  New 
York  and  Chicago  are  a  trifle  over  6  mills  per  ton  per  mile^  while  the 


Digitized  by  VjOOQ IC 


THE   EVOLUTION   OF   COMMERCE.  657 

oceau  rates  on  grain  to  Liverpool  in  1888  were  about  half  a  mill  per  ton 
per  mile;  and  1  mill  per  ton  per  mile,  or  $3  per  ton  from  New  York  to 
Liverpool  is  said  to  be  a  foir  rate,  while  the  all-rail  rate  between  New 
York  and  San  Francisco  averages  from  $40  to  $80  i)er  ton,  according  to 
the  class  to  which  the  freight  belongs.  It  takes  from  seven  to  ten  days 
to  go  from  New  York  to  Liverpool,  nearly  twice  as  long  as  from  New 
York  to  San  Francisco  by  rail,  thirty  days  by  Panama,  and  one  hundred 
and  twenty  days  by  the  all-water  route  around  Cape  Horn. 

The  opening  of  this  canal  will  therefore  reduce  the  freight  on  goods 
between  the  East  and  West  at  least  three-fourths  and  possibly  more. 
It  will  give  us  a  free,  easy,  and  cheap  communication  by  water  between 
the  Eastern  and  Western  States ;  our  commerce  will  be  built  up,  and  the 
wealth  and  commerce  of  the  Atlsintic  coast  and  the  population  of  the 
states  on  the  Pacific  coast  will  be  increased  in  a  wonderful  manner. 

The  opening  of  this  route  will  give  a  demand  for  large  steamships, 
and  when  we  have  such  ships  large  shipyards  and  machine-shops  will 
spring  up,  and  these  alone  are  wanted  to  enable  us  to  build  and  run 
ships  on  the  Atlantic  Ocean  in  competition  with  Great  Britain.  Then 
the  prediction  of  Mr.  Cramp  will  be  fulfilled,  that  Englishmen  will  be 
asking  one  another,  '*  Can  we  build  ships  as  economically  as  they  do  in 
the  United  States!" 

Modes  of  conveyance. — ^The  earliest  transportation  of  merchandise  was 
by  caravans.  The  first  caravan  of  which  we  have  any  certain  account 
was  that  of  the  Ishmaelites  and  Moabites,  who,  while  they  were  travel- 
ing from  Gilead,  with  their  camels  bearing  spices,  balm,  and  myrrh,  to 
Egypt,  bought  Josei)h  of  his  brethren  and  sold  him  as  a  slave  to  Poti- 
phar.  These  caravans  were  formed  of  merchants  banded  together  for 
protection  under  a  guide  and  leader,  sometimes  numbering  several 
hundred,  with  one  thousand  camels  in  a  caravan.  They  travelled  from 
17  to  20  miles  a  day,  but  only  in  the  spring  and  autumn  months.  At 
night  they  stopped  at  caravansaries,  where  free  lodging  was  furnished 
to  men  and  beasts.  In  Turkistan  and  Arabia  all  trade  and  travel  was 
by  similar  caravans  until  the  railroad  was  opened  across  the  desert,  by 
Merv  and  the  Oxus,  to  Samarcand. 

Navigation  was  first  by  boat,  and  ages  afterward  by  vessels.  The 
earliest  vessels  of  which  we  have  any  account  were  employed  in  carry- 
ing cattle  down  the  Nile,  and  were  propelled  by  sails  and  rowers.  The 
vessels,  at  first  small  and  with  a  few  rowers,  were  slowly  increased  in  size 
and  number  of  rowers  until  three,  four,  and  even  five  banks  of  oars,  one 
over  the  other,  were  used.  They  were  often  from  150  to  175  feet  long 
and  from  18  to  26  teet  in  breadth,  drawing  from  10  to  12  feet  of  water, 
and  sometimes  carrying  two  hundred  rowers  and  several  hundre^l  men. 
All  these  ships  were  without  decks,  whether  sailing  on  the  Mediterra- 
nean or  Atlantic.  They  sailed  by  day,  putting  into  harbor  at  night, 
and  never  losing  sight  of  land  unless  driven  by  stress  of  weather.  At 
n.  Mis.  334,  pt.  1 i2 
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first  they  sailed  only  vnth  the  wind,  but  by  slow  degrees  they  learned 
to  tack;  then  decks  were  built  over  the  stern  and  prow,  leaving  the 
midships  exposed  to  the  high  seas.  This  class  of  vessels,  sometinies 
with  banks  of  oars,  continued  until  the  middle  of  the  last  centiu-y.  In 
tlie  early  part  of  the  fifteenth  century  smalh»r  but  stronger  vt^ssels  of 
better  material  were  built  for  the  voyages  of  discovery  undertaken  by 
the  Portuguese.  At  this  time,  also,  the  mariner's  compass  was  brought 
into  general  use,  having  been  introduced  firom  Arabia;  eighty  years 
later  it  found  its  way  to  England.  Two  of  the  vessels  of  Columbus 
were  decked  only  at  the  prow  and  stern,  and  the  three  were  manned 
by  120  men. 

The  armada  of  Queen  Elizabeth  wasformed  of  merchant  vessels  fitted 
up  as  men-of-war,  and  not  until  the  time  of  Charles  I  were  there  any 
regular  ships  of  war  in  England  or,  probably,  in  other  countries. 

Commerce  was  usually  carried  on  by  companies,  with  rules  regulat- 
ing the  quantity  of  goods  to  be  exported,  so  that  the  market  should  not 
be  over-stocked  and  unremunerative  prices  obtained.  Sometimes  the 
merchant  was  owner  of  the  vessel,  who  adventured  with  his  cargo  and 
sailed  in  his  own  ship.  The  ships  were  constructed  with  little  reference 
to  speed,  sailing  40  or  50  miles  a  day.* 

The  steam  engine  came  into  use  near  the  middle  of  the  eighteenth 
century  in  England,  and  two  generations  passed  before  it  was  used  on 
vessels.  The  first  steamboat  ran  on  the  Hudson  in  1807,  in  England  in 
1812.  Then  another  generation  passed  before  the  ocean  was  crossed 
by  the  SiriuH  and  (}reat  Western^  in  1833.  These  ships  sailed  from  7  to 
8  knots  an  hour.  Ten  years  later  iron  ships  were  built;  then  came  the 
propeller,  the  invention  of  Ericsson,  followed  by  vessels  built  of  steel, 
and  lastly  the  City  of  Paris  and  Majestic^  carrying  1,500  tons  of  freight 
and  S4iiling  500  knots  a  day,  or  20  knots  an  hour. 

Until  the  present  century  all  commerce  between  remote  points  was 
by  water,  excepting  in  the  Komaa  Empire.  After  the  downfall  of 
Bome  there  was  neither  commerce  nor  travel  and  no  use  for  roads,  the 
cost  of  transportation  even  for  a  short  distance  exceeding  the  value  of 
the  goods. 

The  railroaii  was  introduced  about  the  same  time  into  England  and 
America,  and  was  rapidly  extended  into  every  country.  The  steam 
engine  on  land  and  water  has  revolutionized  the  methods  of  transpor- 
tation and  created  a  new  commerce.  "The  movement  of  goods  in  a 
year  on  all  the  through  routes  of  the  world  did  not  then  equal  the 
movement  on  a  single  one  of  our  trunk  lines  of  railroad  for  the  same 
period."  Formerly  it  cost  $10  to  move  a  ton  of  freight  100  miles;  now 
it  can  be  moved  1,300  miles  for  the  same  sum.  The  grain  and  com 
from  our  Western  lands,  then  not  worth  the  transportation  to  the  sea- 
coast,  are  now  sold  in  Ijondon,  and  our  prairies  yield  to  the  Western 

•The  breadth  wus  about  one-fourth  the  Icngtli;  and  not  until  within  forty  years 
were  the  inroportions  of  one-tenth  or  one-twelfth  of  the  breadth  obtained. 
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farmer  greater  profit  than  the  grain  lauds  of  England  yield  to  the 
farmer  there.  The  land  commerce  created  by  steam  probably  exceeds 
to-day  the  commerce  carried  on  the  water. 

The  cost  of  moving  freight  by  railroads  varies  greatly  in  different 
parts  of  the  United  States  and  in  different  countries.  The  highest  cost 
west  of  the  Kocky  Mountains  is  two  and  a  quarter  times  more  than  in 
some  of  our  Middle  States.  The  average  freight  receipts  per  ton  i>er 
mile  in  this  country  is  $0,922,  which  is  less  than  those  of  any  other 
country,  although  the  13elgiaii  and  Russian  rates  are  not  much  higher. 
In  England  the  rates  are  from  50  to  70  per  cent  higher  than  in  Amer- 
ica, and  in  the  other  countries  of  Europe  higher  than  in  England. 

In  England  and  America  the  railroads  are  oi)erated  by  private  com- 
panies in  competition. 

In  France  railroads  are  operated  by  private  companies  regulated  by  • 
law,  the  country  being  divided  among  different  lines  of  road.    Lines 
are  constructed  by  private  companies  and  run  at  rates  fixed  by  the 
Government. 

In  Belgium  and  Germany  the  principal  roads  are  owned  and  oper- 
ated by  the  Government. 

Our  system  has  yielded  the  best  results  to  the  people. 

The  commerce  which  was  in  olden  times  transported  only  20  or  25 
miles  a  'day  is  now  moved  500  miles  a  day  by  water  and  800  miles  by 
land.  Correspondence,  then  carried  no  faster  than  freight,  is  now 
borne  by  telegraph  to  the  farthest  ends  of  the  world. 

i\  11  these  changes  have  taken  place  within  a  single  generation;  for 
our  fathers  could  not  travel  any  faster  than  Alexander  or  Caesar.  Steam- 
ships, railroads,  and  telegraphs  within  that  time  have  transformed  all 
commercial  transactions  and  the  methods  of  commercial  business.  For- 
merly eight  months  were  required  to  execute  an  order  in  India  or  China 
and  obtain  the  return;  now  one  day  is  sufficient.  These  commercial 
changes  caused  a  revolution  in  the  modes  of  business,  and  were  the  main 
factors  which  produced  the  monetary  disturbances  of  1873,  the  effects  of 
which  we  yet  feel,  so  long  has  it  taken  the  world  to  adjust  itself  to  its 
new  relations. 

The  future  of  commerce. — ^The  commerce  of  the  world  originated  in 
Asia;  it  was  carried  to  Africa  and  thence  to  Europe,  and  from  Europe 
to  America.  This  movement  can  go  no  i\irther  westward,  for  on  the 
other  side  of  the  Pacific  is  China,  which  has  successfully  resisted  every 
attempt  of  the  European  to  encroach  upon  her  domains,  and  India  with 
its  teeming  population  of  250,000,000;  so  that  America,  the  last  of  the 
continents  to  be  inhabited,  now  receives  the  wealth  of  India  and  Asia 
pouring  into  it  from  the  west,  and  the  manufactures  and  population  of 
Europe  from  the  east.  Here  the  east  and  west,  different  from  each 
other  in  mental  power  and  civilization,  will  meet,  each  alone  incomplete, 
each  essential  to  the  fullest  and  most  symmetrical  development  of  the 


Digitized  by  VjOOQ IC 


660  THE  EVOLUTION   OF  COHMERCE. 

other.    Here  will  be  the  great  banking  and  commercial  houses  of  the 
world,  the  center  of  business,  wealth,  and  population. 

The  end  m  not  yet.  Inventions  are  increasing  in  a  geometric  rsUJier 
than  an  arithmetic  progr^^'^ion.  The  limit  of  steam  power  has  not 
been  reaches],  for  with  a  high  temperature  in  a  steam  boUer  the  addi- 
tion of  a  few  jiounds  of  coal  increases  the  steam  power  so  greatly  tliat 
we  are  unable  either  to  control  or  to  use  it. 

Electricity  has  just  begun  to  offer  new  opportunities  to  commerce. 
We  are  no  longer  compelled  to  carry  our  factories  to  the  water  power, 
for  by  the  electric  wire  the  jwwer  may  be  brought  to  the  house  of  the 
operative,  and  we  may  again  see  the  private  workman  sui>ersede  the 
fai^tory  operative.  A  few  cars  and  small  vessels  are  moved  by  elec- 
tricity, the  forerunner  of  greater  things.  We  know  little  of  this  new 
agency,  but  its  future  growth  must  be  more  rapid  and  more  wouderfni 
than  that  of  steam. 

The  Secretary  of  the  Smithsonian  Institution  (Mr.  Langley)  tells  na 
that  "l^fore  the  incoming  of  the  twentieth  century  aerial  navigation 
will  be  an  established  fact." 

"The  deeper  the  insight  we  obtain  into  the  mysterious  workings  of 
nature's  forces,"  says  Siemens,  "the  more  we  are  convinced  that  we  are 
still  standing  in  the  vestibule  of  science;  that  an  unexplored  world  still 
lies  before  us;  and  however  much  we  may  discover,  we  know  not  whether 
mankind  will  ever  arrive  at  a  fidl  knowledge  of  nature.'' 
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ON  THE  EELATION  OF  NATURAL  SCIENCE  TO  ART.» 


By  Dr.  E.  du  Bois-Reymond,  F.  R.  S. 


We  are  assembled  to-day  iu  annual  commemoration  of  a  man  whose 
marvellous  breadth  of  view  and  extraordinary  variety  of  interests  are 
each  time  a  fresh  surprise  to  us.  It  seems  incredible  that  the  same 
hand  could  have  penned  the ''  Protogea*^  and  the  state  paper  juljudging 
the  Principality  of  Neufchatel  to  the  King  of  Prussia,  or  that  the  same 
mind  could  have  conceived  the  infinitesimal  calculus  and  the  true  meas- 
ure of  forces,  as  well  as  the  pre-established  harmony  and  the  "Theo- 
dicea."  A  closer  examination  however  reveals  a  bljink  in  the  uni- 
versality of  his  genius.  We  seek  in  vain  for  any  connection  with  art, 
if  we  except  the  Latin  poem  cx)mposed  by  Leibnitz  in  x)raiseof  Brand's 
discovery  of  phosphorus.  We  need  hardly  mention  that  his  ^'Ars 
Combinatorial  has  nothing  t^)  do  with  the  fine  arts.  In  his  letters  and 
works  observations  on  the  beautiful  are  few  and  far  between ;  once  he 
discusses  more  at  length  the  pleasure  excited  by  music,  the  cause  ot 
which  he  attributes  to  an  equable,  though  invisible,  order  in  the  chordal 
vibrations,  which  '*  raiseth  a  sympathetic  echo  in  our  minds.^  However, 
the  world  of  the  senses  had  little  reality  for  Leibnitz.  With  his  bodily 
eye  he  saw  the  Alps  and  the  treasures  of  Italian  art,  but  they  cx)nveyed 
nothing  to  his  soul.  He  was  indifferent  to  beauty;  in  short,  we  never 
surprise  this  Hercules  at  Omphale's  distaff*. 

The  same  neglect,  at  least  of  sculpture  and  painting,  strikes  us  in 
Voltaire,  who  as  polyhistorian  can  in  some  measure  compare  with  Leib 
nitz.  We  are  obliged  to  descend  as  far  as  the  third  generation — ^that 
is,  to  Diderot  in  France,  to  Winckelmann  and  Lessiiig  in  Germany — 
before  we  meet  with  a  decided  interest  in  the  fine  arts  and  an  appreci- 
ation of  the  part  they  play  in  the  progress  of  civilization. 


*  An  address  delivered  at  the  annual  meeting  of  the  Royal  Academy  of  Sciences  of 
Berlin  in  commemoration  of  Leibnitz,  on  July  3, 1890.  Translated  by  his  daughter. 
This  address  was  first  printed  in  the  weekly  reports  (SitzHngsberichie)  of  the  Berlin 
Academy,  then  in  Dr.  Rodenberg's  DeuUche  RundschaUf  and  lastly  it  was  published 
as  a  separate  pamphlet  by  Veit  Sc  Co.,  at  Leipzig,  1891.  (From  Nature,  December 
31, 1891,  and  January  7,  1892;  vol.  xlv,  pp.  200-204,  and  224-227.) 
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The  period  thus  defined,  though  it  excels  in  science,  shows  with  few 
exceptions  a  falling  off  in  the  fine  arts.  On  considering  the  historical 
development  of  these  two  branches  of  |;iuman  productiveness  we  find  no 
correspondence  whatever  between  their  individual  progress.  When 
Greek  sculpture  was  in  its  prime,  science  scarcely  existed.  True,  Leo- 
nardo's gigantic  personality,  which  combines  the  immortal  artist  with  the 
physicist  of  high  rank,  towers  at  the  beginning  of  the  ejMKjh  generally 
known  in  the  history  of  art  as  the  Cinquecento.  Still,  he  was  too  far  in 
advance  of  his  age  in  the  latter  capacity  to  be  cited  as  an  example  of 
simultaneous  development  in  art  and  science;  so  little  that  Galilei  was 
born  the  day  of  Michael  Angelo's  death.  The  mutual  development  in  art 
and  science  at  the  commencement  of  our  century  is,  I  believe,  merely  a 
casual  coincidence;  moreover,  the  fine  arts  have  since  been,  at  the  best, 
stationary,  whereas  science  strides  on  victoriously  toward  a  boundless 
ftiture. 

In  fact,  both  branches  differ  too  widely  for  the  services  rendered  to 
science  by  art,  and  vice  versa,  to  be  other  than  external.  "Nature," 
Goethe  very  truly  observed  to  Eckermann — little  thinking  how  harshly 
this  remark  reflects  on  pjirt  of  his  own  scientific  work — *'  Nature  allows 
no  trifling;  she  is  always  si^ncere,  always  serious,  always  stern;  she  is 
always  in  the  right,  and  tiie  errors  and  mistakes  are  invariably  ours." 
Fully  to  appreciate  the  truth  of  this,  one  must  be  in  the  habit  of  trying 
one's  own  hand  at  experiments  and  observations  while  gazing  in 
Nature's  relentless  countenance,  and  of  bearing,  as  it  were,  the  tremen- 
dous responsibility  incurred  by  the  statement  of  the  seemingly  most  in- 
significant fact.  For  every  correctly  inteq)reted  experiment  means  no 
less  than  this:  Whatever  occurs  under  the  present  circumstances 
would  have  occurred  under  the  same  conditions  before  an  infinite  nega- 
tive period  of  time,  and  would  still  occur  iifter  an  infinite  positive 
period.  Only  the  mathematician,  whose  method  of  research  has  more 
in  common  with  that  of  the  experimenter  than  is  generally  sujiiwsed, 
experiences  the  same  feeling  of  responsibility  in  presence  of  Nature's 
eternally  inviolable  laws.  Both  are  sworn  witnesses  before  the  tribu- 
nal of  reality,  striving  for  knowledge  of  the  universe  as  it  actually  is, 
within  those  limits  to  which  we  are  confined  by  the  nature  of  our  intel- 
lect. 

However,  there  is  a  compensation  for  the  philosopher,  laboring  under 
this  anxious  pressure,  in  the  consciousness  that  the  slightest  of  his 
achievements  will  carry  him  one  step  beyond  the  highest  reached  by 
his  greatest  predecessor ;  that  possibly  it  may  contain  the  germ  of  vastly 
important  theoretical  revelations  and  practical  results,  as  Wollaston's 
lines  contained  the  germ  of  spectral  analysis;  that,  at  any  rate,  such  a 
reward  is  not  only  in  the  reach  of  a  born  genius,  but  of  any  conscien- 
tious worker;  and,  finally,  that  science,  by  subduing  nature  to  the  rule 
of  the  human  intellect,  is  the  chief  instrument  of  civilization.  No  real 
civilization  would  exist  without  it,  and  in  its  absence  nothing  could  pre- 
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vent  our  civilization,  including  art  and  its  master  works,  from  crumbling 
away  again  hopelessly,  as  at  the  decline  of  the  ancient  world. 

Thisconsciousness  will  also  makeup  to  the  philosopher  for  the  thought- 
lessness of  the  multitude,  who,  while  enjoying  the  benefits  thus  lavished 
upon  them,  hardly  know  to  whom  they  owe  them.  The  country  rings 
with  the  name  of  every  fashionable  musical  t?ir<«^»o,  and  cyclopedias 
insure  its  immortality.  But  who  repeats  the  name  of  him  who  achieved 
that  supreme  triumph  of  the  inventive  intellect — to  convey  through  a 
chopper  wire  across  far-stretching  countries  and  over  hill  and  dale  the 
sound  of  the  human  voice  as  though  it  spoke  in  our  earf 

"Life  is  earnest,  art  is  gay;''  this  saying  of  Schiller's  remains  as  true 
if  we  substitute  science  for  life.  Art  is  the  realm  of  the  beautiful;  its 
productions  fill  us  with  an  enjoyment,  half  sensuous,  half  intellectual; 
it  is  therefore  a  realm  of  liberty  in  the  widest  sense.  No  rigid  laws 
are  enforced  in  it;  no  stern  logic  binds  the  events  of  the  present  to 
those  of  the  past  and  future;  no  certain  signs  indicate  success;  blame 
and  praise  are  distributed  by  the  varying  taste  of  ages,  nations,  and 
individuals,  so  that  the  glorious  Gothic  church  architecture  came  to  be 
derided  by  the  eighteenth  century.  In  art,  the  definition  of  genius  as 
a  talent  for  patience  does  not  hold  good.  Its  creations,  once  brought 
forth  in  a  happy  hour  of  revelation,  stir  our  souls  with  elementary  force, 
and  scorn  all  abstruse  explanations,  subsequently  forced  upon  them  by 
art  criticism.  Whoever  accomplishes  such  a  feat  also  ministers  in  a 
sense  to  the  cares  and  troubles  of  humanity.  CTnfortunately  the  nature 
of  things  does  not  allow  such  fruit  to  ripen  at  all  seasons;  at  one  time, 
in  one  direction,  the  culminating  point  will  be  reached,  and  then  age 
after  age  will  strive  in  vain  to  emulate  the  past.  The  finest  aesthetic 
theories  can  neither  carry  the  individual  beyond  the  limits  of  his  own 
natural  powers,  nor  retrieve  the  fortunes  of  a  declining  period.  Of  what 
use  has  been  the  recent  strife  in  the  artistic  world  between  naturalists 
and  idealists!  Has  it  protected  us  from  the  frequently  almost  intoler- 
able extravagances  of  the  latter  !  There  is  an  attraction  in  every  boldly- 
advanced  novelty  which  the  common  herd  is  unable  to  resist,  and  which 
will  invariably  triumph  till  antiquated  ideas  are  somehow  surpianted 
by  fresh  ones,  or  by  the  lofty  rule  of  some  irresistibly  superior  personality. 
Nor  can  science  in  the  stricter  sense  come  to  the  aid  of  art;  and  thus, 
strangers  at  heart,  without  materially  influencing  each  other,  each  seeks 
its  own  way,  the  former  advancing  steadily,  though  irregularly,  the 
latter  slowly  fluctuating  like  a  majestic  tide.  Those  unfamiliar  with 
science  are  apt  to  recognize  the  supreme  development  of  our  mental 
faculties  in  art  alone.  Doubtless  this  is  a  mistake;  yet  human  intellect 
shines  brighest  where  glory  in  art  is  coupled  with  glory  in  science. 

We  may  notice  something  here  which  is  similar  to  what  occurs  in 
practical  ethics.  The  more  corrupt  the  morals  of  an  age  or  nation,  the 
more  we  find  virtue  a  favorite  topic.  The  flood  of  aesthetic  theories 
rises  highest  when  original  creative  power  is  at  its  lowest  ebb.    Lotze, 
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in  hifl  ^'  History  of  Esthetics  in  Germany,^  *  gives  a  wearying  and  dis- 
couraging account  of  such  fruitless  efforts.  Piiilosophers  of  all  schools 
have  revelled  in  absract  definitions  of  the  essence  of  beauty.  They 
call  it  unity  in  multiplicity,  or  fitness  without  a  purpose,  or  uncon- 
scious rationality,  or  the  transcendant  realized,  or  the  enjoyment  of  the 
harmony  of  the  absolute,  and  so  forth.  But  all  these  properties,  which 
are  supi)osed  to  constitute  the  beautiful,  have  no  more  to  do  with  oar 
actual  sensation  of  it  th^n  the  vibrations  of  light  and  sound  with  the 
qualities  they  bring  to  our  perception.  Indeed,  it  would  be  vain  to 
attempt  to  find  one  term  equally  fitted  to  describe  all  the  varieties  of 
the  beautiful;  the  beauty  of  cosmos  as  contrasted  with  chaos,  of  a 
mountain  prospect,  a  symphony,  or  a  poem,  of  Ristori  in  Medea,  or  a 
rose;  or  even,  taking  the  tine  arts  alone,  the  beauty  of  the  Cologne 
Cathedral,  the  "  Hermes  "  of  Praxiteles,  the  Madonna  Sistina,  a  picture 
of  still-life,  a  landscape,  a  genre  piece,  or  a  Japanese  iiower  design ; 
not  to  mention  the  questionable  custom  which  permits  us  in  German  to 
speak  of  a  beautiful  taste  or  a  beautiful  smell.  Let  us  rather  admit  that 
liere,  as  so  often,  we  meet  with  something  inexjilicable  in  our  organi- 
zation; something  inexpressible,  though  not  the  less  distinctly  felt, 
without  which  life  would  offer  a  dull  and  cheerless  aspect. 

In  an  essay  of  Schiller's  there  is  a  disquisition  on  physical  beauty,  t 
He  distinguishes  between  an  architectural  beauty  and  a  beauty  which 
emanates  from  grace.  I  attacked  this  lesthetic  rationalism,  to  which 
the  last  century  was  strongly  addicted,  twenty  years  ago  on  a  similar 
oce^on  in  a  lecture  on  Leibnitz's  ideas  in  modern  science.  I  ventured 
to  assert  that  "the  attraction  which  physical  beauty  exerts  on  the  op- 
posite sexes  can  as  little  be  explained  as  the  effects  of  a  melody ."{  On 
reflei'tion,  it  seems  indeed  incomprehensible  why  one  distin(*t  shape, 
wluch,  according  to  Fechner,  might  be  represented  by  a  plain  algebraic 
equation  between  three  variables,  should  please  us  beyond  a  thousand 
other  possibilities.  The  reason  can  be  traced  from  no  abstract  principle, 
no  rules  of  architecture,  not  even  from  Hogarth's  line  of  beauty.  A 
year  after  this  remark  was  made,  Charles  Darwin  published  his  "  De- 
scent of  man,'^  in  which  the  principle  of  sexual  selection,  only  cursorily 
treated  in  the  "  Origin  of  Species,"  is  fully  exjiounded,  and  pursued  in 
all  its  bearings.  I  remember  vividly  how,  in  a  discussion  with  Dove  as 
to  the  necessity  of  admitting  a  vital  force,  he  embarrassed  me  by  the 
objection  that  in  the  organic  world  luxury  occurs,  for  example,  in  the 
l)luniageof  a  peacock  or  a  bird  of  Paradise;  while  in  inorganic  nature 
Maupertuis's  law  of  the  minimum  of  action  precludes  such  prodigality. 
Here  was  a  solution  of  the  problem,  aHowing  that  one  might  attribute 
to  animals  a  certiiin  sense  of  beauty.  The  gorgeous  nuptial  plumage  dis- 
played by  male  birds  may  have  been  acquired  through  the  preference  of 

•  Munich,  1868. 

t  '*  Celter  Anmuth  und  Wiirde." 

:  The  author's  **  Collected  Addresses,  etc,"  vol.  i,  pp.  49,  50,  Leipzig,  1886. 
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the  female  for  more  highly  ornamented  suitors,  a  progeny  of  ccnstautiy 
increasing  brilliancy  of  coloring  being  thus  obtained.  Male  birds  of 
Paradise  have  been  observed  to  vie  in  showing  off  their  beauty  before 
the  females  during  courtship.  The  power  of  song  in  nightingales  might 
be  attributed  to  the  same  cause,  the  female  in  this  case  being  more  sus- 
ceptible to  the  charms  of  melody  than  to  those  of  brilliant  coh)ring. 
Darwin  goes  on  to  observe  that,  in  the  human  rac*e  likewise,  certain 
sexual  characteristics,  such  as  the  imposing  beard  in  man  and  the  lovely 
tresses  in  woman,  might  have  been  acquired  through  sexual  selection.* 
It  is  a  well-known  fact  that,  by  repeated  introduction  of  handsome  Cir- 
cassian slaves  into  aristocratic  Turkish  harems,  the  original  Mongol 
type  in  many  cases  has  been  remarkably  ennobled.  And  carrying  the 
same  principle  further,  we  may  find  therein  an  explanation  for  the  fas- 
cination which  female  beauty  has  for  man.  According  to  our  pres- 
ent views,  the  first  woman  was  not  made  of  a  rib  taken  out  of  the  first 
man — a  process  fraught  with  morphological  difficulties.  It  was  man 
himself  who,  in  countless  generations,  through  natural  selection, 
fashioned  woman  to  his  own  liking,  and  was  so  fashioned  by  her.  This 
type  we  call  beautiful,  but  wc  need  only  to  cast  a  glance  at  a  Venus  by 
Titian,  or  one  by  Rubens — let  alone  the  different  human  races — to  recog- 
nize how  little  absolute  this  beauty  is. 

If  one  kind  of  beauty  could  be  said  to  bear  analyzing  better  than 
another  it  is  what  might  be  termed  mechanical  beauty.  It  is  noticed 
least,  because  it  escai)es  all  but  the  practiced  eye.  This  kind  of  beauty 
may  belong  to  machines  or  physical  ai>paratus,  each  part  of  which  is 
exactly  fitted  to  its  purpose  in  size,  shape,  and  position.  It  answers 
more  or  less  to  the  definition  of  **  uncons<aous  rationality,"  our  satis- 
faction evidently  proceeding  from  an  unconscious  percei>tion  of  the 
right  means  having  been  employed  to  combine  solidity,  lightness,  and, 
if  necessary,  mobility,  with  the  greatest  possible  profit  in  the  transmis- 
sion of  force  and  the  smallest  waste  of  material.  A  driving-belt  is 
certainly  neither  attractive  nor  unattractive;  but  it  pleases  the  "  rhm 
eniditus "  to  see  a  connecting-rod  thicken  from  the  ends  towards  the 
middle,  where  it  has  to  bear  the  greatest  strain.  Of  course,  this  kind 
of  beauty  is  of  recent  origin.  I  remember  Ilalske  telling  me  that,  as 
regards  the  construction  of  physical  and  astronomical  instruments,  it 
was,  to  his  knowledge,  first  underst<x)d  and  established  as  a  i)rinciple 
in  Germany  by  Georg  von  Reichenbach  in  Munich.  Berlin  and  Munich 
work-shops  produced  instruments  of  perfect  mechanical  beauty  at  a 
time  when  those  supplied  by  France  and  England  were  still  often  dis- 


•The  author  is  not  unawai^of  Mr.  Wanaco'H  attack  on  Darwin's  explanation  of  the 
brilliant  plumage  of  male  birds  by  the  females'  preference,  and  of  the  discussion 
arisen  between  him  and  Messrs.  Poulton,  Pocock,  and  Peckham.  This  was  not  the 
proper  place  to  enter  into  it,  the  less  so  as,  whatever  may  be  it^  outcome,  the  author's 
conclusion  from  the  theory  of  sexual  selection  would  remain  unaltered. 
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figured  by  aimlessly  omanieDted  columns  and  cornices,  unpleasantly 
recalling  the  impure  features  of  Rococo  furniture  and  architecture. 

I  forget  which  French  mathematician  of  the  last  century,  in  sight  of 
the  cupola  of  St.  Peter's  at  Rome,  tried  to  account  for  the  sense  of  per- 
fect satisfaction  it  gives  to  the  eye.  He  measured  out  the  curves  of 
the  cupola,  and  found  that,  a<;cording  to  the  rules  of  higher  statics,  its 
shape  supplies  the  exact  maximum  of  stability  under  the  given  circum- 
stances. Thus  Michael  Angelo,  guided  by  an  unerring  instinct  in  the 
construction  of  his  model  (the  cupola  was  not  erected  till  after  his 
death),  unconsciously  solved  a  problem  the  true  nature  of  which  he 
could  hardly  have  understood,  and  which  was  even  beyond  the  reach 
of  the  mathematical  knowledge  of  his  age.  Apparently  however 
there  are  several  roots  to  this  equation  of  beauty;  at  least,  there  is  one 
other  type,  for  which  I  quote  the  cupola  of  Val  de  Grace  in  Paris, 
which,  if  not  as  imposing,  is  quite  as  gratifying  to  the  eye  as  Michael 
Angelo's. 

It  will  be  observed  that  in  this  case  mechanical  beauty  becomes  part  of 
the  art  of  architecture ;  and  instances  of  this  kind  are  daily  growing  more 
frequent,  our  modem  iron  structures  being  more  favorable  to  its  dis- 
play than  stone  buildings.  In  the  Eiffel  tower  we  see  mechanical  beauty 
struggling  with  the  absence  of  plastic  beauty.  On  this  occasion  it  was 
probably  revealed  for  the  first  time  to  many  who  hitherto  had  no  op- 
portunity of  experiencing  its  effect.  It  is  certainly  not  wanting  in  the 
new  Forth  Bridge.  There  is  no  doubt  however  that  in  stone  struc- 
tures too,  together  with  much  that  pleases  from  habit  or  tradition, 
there  are  certain  features  which  evidently  attract  through  me<ihanical 
beauty — such  as  the  outline  of  the  architectural  members  of  a  building, 
or  the  gentle  swelling  and  tapering  of  the  Doric  column  towards  the 
top,  and  its  expansion  in  the  echinus  and  abacus;  and  there  are  others 
which  offend  a  refined  taste  through  the  absence  of  this  beneficial  ele- 
ment, such  as  the  meaningless  ornamentations  of  the  Rococo  style. 

Even  in  organic  nature  mechanical  beauty  prevails  to  such  an  extent 
that  it  transforms  many  objects  into  a  source  of  delight  and  admiration 
to  the  initiated,  which  are  naturally  repulsive  to  the  untrained  eye. 
Anatomists  recognize  it  with  pleasure  in  the  structure  of  the  bones, 
especially  of  the  joints.  In  their  opinion  the  "Dance  of  Death''  out- 
rages good  taste  from  more  reasons  than  because  it  differs  from  the 
classical  conception  of  death.  Mechanical  beauty  was  already  per- 
ceived by  Benvenuto  Cellini  in  the  skeleton,  much  to  his  credit;  and 
but  for  our  imperfect  knowledge  it  would  invest  with  its  glory  every 
organic  form,  down  to  the  inhabitants  of  the  aquarium,  even  under  the 
very  microscope.  According  to  Prof.  Schwendener,  even  plants  are 
constructed  on  the  same  principle  of  fitness  combined  with  thrift;  and 
something  of  this  we  feel  at  sight  of  a  spreading  oak  tree  proudly  dis- 
tending its  vigorous  branches  towards  air  and  sunlight. 

Again,  our  appreciation  of  the  forms  of  animals,  especially  of  noble 
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breeds,  is  greatly  influenced  by  mechanical  beauty.  The  greyhound 
and  the  bulldog,  the  full-bred  race  horse  and  the  brewer's  dray  horse, 
the  Southdown  and  the  Merino  sheep,  the  Alpine  cattle  and  the  Dutch 
milch  cow,  all  are  beautiful  in  their  kind,  even  though  a  bulldog  or  a 
Percheron  may  appear  ugly  to  the  uninitiated,  because  in  each  the  type 
of  the  species  has  been  modified  to  the  utmost  degree  of  fitness. 

Though  science  is  unable,  as  we  liave  seen,  to  check  the  occasional 
decline  of  art  and  inspire  it  with  fresh  vigor,  yet  it  renders  invaluable 
services  of  a  different  kind  to  artists  by  increasing  their  insight,  im- 
proving their  technical  means,  teaching  them  useful  rules,  and  preserv- 
ing them  from  mistakes.  I  do  not  allude  to  anything  so  primitive  as 
the  manufacture  of  colors  or  the  technique  of  casting  in  bronze;  the 
less  so,  as  curiously  enough  our  modern  colors  are  less  durable  than 
those  of  entirely  unscientific  ages,  and  the  unsurpassed  thinness  of  the 
casting  of  Greek  bronzes  is  regarded  as  a  proof  of  their  authenticity. 
Nor  does  it  seem  necessary  to  recall  the  notorious  advantages  of  this 
kind  for  which  art  is  indebted  to  science.  Linear  perspective  was  in- 
vented by  Leonardo  and  Diirer — artists  themselves.  It  was  followed 
by  the  laws  of  reflection — ^unknown  to  ancient  painters,  as  would  ap- 
pear from  the  Pompeian  frescoes  of  Narcissus — and  by  the  geometrical 
construction  of  shadows.  The  rainbow,  which  hail  better  not  be  at- 
tempted at  all,  has  been  sinned  against  cnielly  and  persistently  by 
artists,  in  spite  of  optics.  Statics  furnished  the  rules  of  equilibrium 
so  essential  to  sculptors.  Aerial  perspective,  again,  owes  its  develop- 
ment to  painters  chiefly  of  northern  climates. 

But  to  this  fundamental  stock  of  knowledge  the  progress  of  science 
has  added  various  new  and  important  acquisitions,  which  philosophers, 
some  of  first-rate  ability,  have  endeavored  to  place  within  the  reach  of 
artists.  The  great  masters  of  bygone  ages  were  taught  by  instinct  to 
combine  the  right  colors,  as  women  of  tsiste,  according  to  John  Miiller, 
always  know  how  to  blend  the  right  shades  in  their  dress ;  and  Oriental 
carpet  weavers  have  not  been  behindhand  with  them  in  that  respect. 
But  the  reason  why  they  unconsciously  succeed  was  not  revealed  till 
the  elder  Darwins,  Goethe,  Purkinye,  John  Miiller,  and  others  called 
into  existence  a  subjective  physiology  of  the  sense  of  sight.  A  mem- 
ber of  this  academy.  Prof,  von  Briicke,  in  his  "Physiology  of  Colors ''♦ 
and  '^Fragments  from  the  Theory  of  the  Fine  Arts  in  relation  to  Indus- 
trial Art,"t  treats  these  subjects  with  such  intimate  knowledge  as  could 
only  be  obtained  by  one  who  enjoyed  the  rare  advantage  of  combining 
physiological  learning  with  an  artistic  education  acquired  in  his  father's 
studio.  In  France  Chevreul  pursued  similar  aims.  Even  Prof,  von 
Ilelmholtz,  in  his  popular  lectures,  has  devoted  his  profound  knowledge 
of  physiological  optics  to  the  service  ot  art,  which  already  owes  him 
important  revelations  on  the  nature  of  musical  harmony.    Amongst 

•  2d  mlition,  Leipzig,  1887. 
t  Leipzig,  1877. 
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other  things,  he  explained  the  relation  between  the  different  intensitieB 
of  light  in  objects  of  the  actual  world  and  those  on  the  painter's  pal 
ette,  and  pointed  out  tlie  means  by  which  the  difficulties  arising  there 
from  may  be  overcome.*  Thus  painters,  as  von  Briicke  remarks,  have 
it  in  their  power  to  reproduce  the  dazzling  effect  of  the  disk  of  the  snn 
by  imitating  the  irradiation— ^a  defect  of  our  visual  perception,  the  trae 
nature  of  which  was  recognized  by  von  Helmholtz.  An  example  of 
this,  interesting  through  its  boldness,  is  th6  lovely  Castell  Gandolfo  in 
the  Raczynski  gallery. 

There  are  so  many  and  striking  instances  of  such  imperfections  of 
the  human  eye  that,  notwithstanding  its  marvellous  capabilities,  von 
Helmholtz  has  observed  that  "he  would  feel  himself  justified  in  cen- 
suring most  severely  the  careless  workmanship  of  an  optician  who 
offered  him  for  sale  an  instrument  with  similar  defects,  and  that  he 
would  emphatically  refuse  to  take  it."  The  eye  being  the  chief  organ  of 
artists,  its  defects  are  of  great  importance  in  art  and  its  history,  and 
artists  would  do  well  to  inform  themselves  not  only  on  these  defects  in 
general,  but  more  particularly  on  those  which  they,  in  their  own  per- 
sons, are  subject  to;  for,  as  Bessel  remarked  of  astronomical  instru- 
ments, "  an  error  once  well  ascertained  ceases  to  be  an  error." 

Our  conception  of  the  stars  as  stars,  in  the  shape  adopted  symboli- 
cally by  decorative  art,  is  caused  by  a  defect  of  the  eye  closely  related 
to  irradiation,  stars  being  luminous  spots  in  the  sky  without  rays,  as 
they  actually  appear  to  a  privileged  few.  Prof.  Exner,  whose  line  of 
thought  we  shall  repeatedly  cross  in  the  course  of  these  reflections, 
justly  remarks  that  to  this  imperfection  the  stars  conferred  by  sover- 
eigns as  marks  of  distinction  owe  their  origin  and  starfishes  their  name 
even  since  Pliny's  time.  The  different  varieties  of  halo,  however,  are 
more  probably  freeborn  children  of  our  fancy — from  the  Byzantine 
massive  golden  disk  down  to  the  mild  phosphorescence  proceeding  from 
holy  hea«ls  and  in  Correggio's  "Night"  from  the  entire  child,  which 
illumines  the  scene  with  a  light  of  it^  own.  According  to  Prof.  Exner, 
glories  of  the  latter  description  are  derived  from  the  radiance  which 
surrounds  the  shadow  of  one's  own  head  in  the  sunshine  on  a  dewy 
meadow,  and  which  in  fact  has  always  been  compared  to  halos  in  reli- 
gious pictures.  This  phenomenon  even  misled  Benvenuto  Cellini  into 
the  pious  delusion  that  it  was  a  gift  granted  him  individually  from 
above,  and  a  relie<*tion  of  his  visions,  such  as  Moses  bnmght  do>vn  from 
Mount  Sinai.t 

Certain  otherwise  quite  inexplicable  peculiarities  which  disfiginre  the 
later  works  of  the  distinguished  landscape  painter  Turner  have  also 
l>een  tract»d  to  defects  of  the  eye  by  Dr.  Richard  Liebreich.f    Clouded 


*  I*rof.  voii  Helmholtz,  Collected  Easn  i.  ii,  Hnmswick,  1884. 

t"  Vita  di  Beniwnnto  CeUiniy  scritta  '  o  primo,  cxxvil. 

t  Turner  and  Mulready:  The  Effec  »ini  on  PMnliii^,  &0. 
London,  1888. 


Digitized  by 


ON  THE   RELATION  OF  NATURAL   SCIENCE   TO  ART.         669 

lenses  or  a,  high  degree  of  astigmatisin  might  easily  lead  a  painter  to 
distort  or  blur  objects  he  was  copying  from  nature.  Bonder's  stenoptic 
spectacles  or  cylindrical  spectacles,  as  the  case  might  be,  would  prove 
as  useful  to  such  an  artist  as  concave  glasses  to  the  short-sighted. 

The  singularities  of  another  English  painter,  Mulready,  are  accounted 
for  by  Dr.  Liebreich  through  discoloration  of  the  lens  from  old  age. 
Another  defect  of  the  eye,  color-blindness,  ought  to  be  mentioned  here, 
which  in  its  milder  forms  is  of  frequent  occurrence,  and  even  belongs  to 
the  normal  condition  of  the  eye  on  the  borders  of  the  field  of  vision. 
It  corresponds  in  the  domain  of  hearing  to  the  want  of  musical  ear. 
Color-blindness  was  known  long  ago,  but  has  been  inquired  into  with 
redoubled  zeal  latterly,  partly  with  regard  to  its  general  connection 
with  chromatics,  partly  on  account  of  its  serious  practical  consequences 
in  the  case  of  sailors,  railway  oflBcials,  and,  as  Dr.  Liebreich  adds,  of 
painters.  Both  color-blindness  and  want  of  ear  are  inborn  defects,  for 
which  there  is  no  remedy.  A  colorblind  artist  is  however  better  off 
than  a  musician  without  an  ear,  if  such  a  one  were  imaginable,  for, 
even  if  he  neglected  the  mahl-stick  and  the  chisel,  he  might  still  seek 
his  fortune  in  the  designing  of  cartoons. 

It  is  difficult  to  determine  the  particular  point  where  optical  knowl- 
edge ceases  to  be  of  use  to  artists.  Kone  will  repent  having  studied 
the  laws  of  the  movement  of  the  eyes,  the  difference  between  near  and 
distant  vision,  and  the  observations  on  the  expression  of  the  human 
eye  contained  in  John  Muller's  early  work  on  "Comparative  Physiology 
of  Sight."  Yet  it  must  be  admitted  that  a  painter  may  paint  an  eye 
exceedingly  well  without  ever  having  heard  of  Sanson's  images,  which 
cause  the  soft  luster  of  a  gentle  eye  as  well  as  the  fierce  flash  of  an 
angry  one ;  as  little  as  the  blue  sky  of  a  landscape  painter  will  gain  by  his 
knowledge  of  the  yellow  brushes  in  every  great  circle  of  the  heavenly 
vault  which  passes  through  the  sun — a  phenomenon  which  has  remained 
unnoticed  for  countless  ages,  but  has  grown  familiar  to  physiologists 
since  Haidinger's  discovery. 

One  point,  however,  where  physicists  seem  to  me  not  to  have  been 
sufficiently  consulted  is  the  much-debated  question  of  polychrome  in 
ancient  statues  and  ai'chitecture,  and  whether  it  should  be  adopted  by 
modern  art  or  not.  Physical  experiments  teach  that  very  intense 
illumination  causes  all  colors  to  appear  whitish ;  in  the  speetrum  of  the 
sun,  seen  immediately  through  the  telescope,  the  colors  vanish  almost 
entirely,  nothing  remaining  except  a  light  yellow  hue  in  the  red  end. 
As  the  colors  grow  whitish  the  glaring  contrasts  are  softened,  they 
blend  more  harmoniously.  In  the  open  air,  therefore,  (mr  eye  is  not 
shocked  by  the  scarlet  skirt  of  the  contadina^  which  recurs  almost  as 
invariably  in  Oswald  Achenbach's  Campagna  landscapes,  as  the  white 
horse  in  Wouvermann's  war  scenes.  The  Greek  statues  and  buildings 
may  have  looked  well  enough  with  their  glaring  decorations  under  the 
bright  southern  sky  on  the  Acropolis  or  in  the  Poikile;  in  the  dull  light 
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of  our  northern  home,  above  all  in  closed  rooms,  they  are  somewhat 
out  of,  place. 

In  another  direction  Wheatstone  has  added  valuable  information  to 
the  knowledge  of  painters  and  designers  with  his  stereoscope.  It  dem- 
onstrates the  fundamental  difference  which  distinguishes  binocular 
vision  of  near  objects  from  monocular  vision,  as  well  as  from  binocular 
vision  of  objects  so  far  removed  that  the  distance  between  the  eyes 
vanishes  as  compared  with  their  distance.  An  impression  of  solidity 
can  only  be  obtained  by  each  eye  getting  a  different  view  of  an  object, 
the  two  images  being  fased  into  one,  so  as  to  appear  solid.  A  painter 
can  therefore  only  express  depth  by  shading  and  aerial  persi>ective;  he 
will  never  be  able  to  produce  the  impression  of  actual  solidity  on  his 
canvas.  While  Wheatstone's  i)8eudoscope  exhibits  the  unheard-of  spec- 
tacle of  a  concave  human  face,  Helmholtz's  tele-stereoscope  magnifies, 
as  it  were,  the  space  between  the  eyes,  and  resolves  a  fiir-off  range  of 
woods  or  hills  without  aerial  perspective  into  its  different  distances. 
Finally,  Halske's  stereoscope,  with  movable  pictures,  confirms  old  Dr. 
Bobert  Smith's  explanation  of  the  much-debated  circumstance  that  the 
sun  and  moon  on  the  horizon  appear  larger  by  almost  a  fifth  of  their 
diameter  than  when  seen  in  the  zenith,  and  reduces  the  problem  to  the 
other  question :  why  the  vault  of  the  sky  appears  to  us  flattened  in- 
stead of  hemispherical. 

However,  the  almost  contemporary  invention  of  photography  was  des- 
tined to  be  of  vastly  greater  importance  to  the  fine  arts.  It  had  always 
been  the  dream  of  artists  as  weU  as  physicists  to  fix  Delia  Porta's 
charming  pictures — a  dream  the  realization  of  which  did  not  seem  quite 
impossible  since  the  discovery  of  chloride  of  silver.  One  must  have 
witnessed  Daguerre's  invention,  and  Arago's  report  of  it  in  the  Chamber 
of  Deputies,  to  conceive  the  universal  enthusiasm  with  which  it  was 
welcomed.  Daguerre's  method,  being  complicated  and  of  restricted 
application,  was  soon  cast  into  the  shade  by  the  one  still  essentially 
practiced  at  the  present  day.  However,  it  is  worth  recording  that, 
when  the  first  specimens,  imperfect  as  they  were,  reached  us  from  Eng- 
land, no  one  foresaw  the  immense  success  in  store  for  Talbotypes;  on 
the  contrary,  the  change  from  silver-coated  plates  to  paper  impregnated 
with  the  silver  salt  was  received  with  doubt  and  considered  a  retro- 
gression. 

Thus  photography  entered  on  its  marvellously  victorious  career. 
With  respect  to  art,  it  promptly  fulfilled  what  Arago  had  promised  in 
its  name.  It  not  only  facilitated  the  designing  of  architecture,  interi- 
ors, and  landscapes,  and  rendered  the  camera  clara  unnecessary  even 
for  panoramas,  but  also  furnished  many  valuable  hints  with  regard  to 
light  and  shade,  reflection  and  chiaroscuro,  and  the  general  means  of 
reproducing  as  closely  as  possible  on  a  level  surface  the  raised  appear- 
ance of  solid  forms.  A  comx>etent  judge  of  both  arts  might  find  it 
an  interesting  task  to  ascertain  what  share  photography  has  had  in 
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the  origin  of  the  modem  schools  of  painting  and  in  the  manner  of 
impressionists  and  pleinairists.  It  further  taught  landscape  painters 
to  depict  rocks  and  vegetation  with  geological  and  botanical  accuracy, 
and  to  represent  glaciers,  which  hitherto  had  been  but  rarely  and  never 
successftiUy  attempted.  It  caught  and  fixed  the  changing  aspect  of 
the  clouds,  though  only  yielding  a  somewhat  restricted  survey  of  the 
heavens.  It  aided  portrait  painters,  without  exciting  their  jealousy; 
for,  unable  to  rival  them  in  representing  the  average  aspect  of  persons, 
it  only  seized  single,  often  strained  and  weary,  expressions,  rendering 
almost  proverbial  the  comparison  between  a  bad  portrait  and  a  photo- 
graphed face;  nevertheless  it  supplied  them  on  many  occasions  with 
an  invaluable  groundwork,  lacking  nothing  but  the  animating  touch 
of  an  artist's  hand. 

However,  the  recent  progress  of  photographic  portraiture  claims  the 
attention  of  artists  in  more  than  one  respect.  Duchenne  and  Darwin 
called  into  existence  a  new  doctrine  of  the  expression  of  the  emotions; 
the  former  by  galvanizing  the  muscles  of  the  face,  in  order  to  imitate 
different  expressions,  the  latter  by  inquiring  into  their  phylogenetic 
development  in  the  animal  series.  Both  presented  artists  with  photo- 
graphs which  quickly  consigned  to  obUvion  the  copies  hitherto  employed 
for  purposes  of  study  in  schools  of  art,  dating  chiefly  from  Lebrun ; 
even  the  sketches  in  Signor  Mantegazza's  new  work  on  "Physiognomy 
and  Mimics"  will  scarcely  enter  into  competition.  On  Mr.  Herbert 
Spencer's  suggestion  Mr.  Francis  Galton  subsequently  solved  by  the 
aid  of  photography  a  problem  which  was  previously  quite  as  inac- 
cessible to  painters  as  the  representation  of  an  average  expression  to 
photographers.  He  combined  the  average  features  of  the  face  and 
skull  of  a  sufficient  number  of  persons  of  the  same  age,  sex,  profession, 
culture,  or  disposition  to  disease  or  vice  in  one  typical  portrait,  which 
exhibits  only  those  characteristic  forms  common  to  their  various  dis- 
positions. This  was  effected  by  blending  on  one  negative  the  faint 
images  of  a  series  of  persons  belonging  to  the  same  description.  In 
the  same  manner  Prof.  Bowditch,  of  Harvard  Medical  School,  Boston, 
obtained  the  representative  face  or  type  of  American  students  of  both 
sexes  and  of  tramway  conductors  and  drivers.  In  the  latter  instance 
the  intellectual  superiority  of  the  conductors  over  the  drivers  is  plainly 
visible.    How  Lavater  and  Gall  would  have  reUshed  this ! 

Of  course  the  average  expression  of  a  single  person  might  be  pro- 
cured by  similar  means,  if  it  were  worth  while  summing  up  on  the  same 
plate  repeated  photographs  of  different  expressions.  Instantaneous 
photography,  however,  furnishes  a  welcome  substitute  for  the  average 
expression,  by  seizing  with  lightning  swiftness  the  changing  phases  of 
the  human  countenance  in  their  full  vivacity.  Here  again  pathology 
places  itself  at  the  disposal  of  art.  M.  Charcot  has  found  that  photo- 
graphs of  the  convulsions  and  facial  distortions  of  hysterical  patients 
ramble  our  classical  representations  of  the  possessed.    Aaphael's 
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realism  in  this  respect  is  perhaps  the  most  curious  of  all,  being  so  much 
at  variance  with  his  idealistic  nature.  In  the  possessed  boy  of  the 
"Transfiguration ""  a  cerebral  disease  can  be  almost  safely  inferred  from 
the  Magendie  position  of  the  eyes,  and  the  circumstance,  rec  ently  ob- 
served in  New  York,  that  the  left  hand  is  depicted  in  a  spasm  of  athe- 
tosis would  accord  well  with  this  diagnosis.* 

II. 

There  is  yet  another  direction  in  which-art  owes  instructive  disclos- 
ures to  the  progress  of  photography.  In  the  year  1836,  the  Brothers 
William  and  Edward  Weber  represented,  in  their  celebrated  work  on 
the  "  Mechanism  of  the  Human  Locomotive  Apparatus,"  a  person  in 
the  act  of  walking  in  those  attitudes  which  according  to  theoretical 
calculation  must  occur  successively  during  one  step.  Thence  a  Strang 
fact  became  apparent.  At  the  beginning  and  end  of  each  step,  wliile 
the  body  rests  for  a  short  time  on  both  feet,  the  pictures  agree  i>er- 
fectly  with  the  ordinary  way  in  which  painters  have  been  accustomed 
to  represent  walking  persons.  But  during  the  middle  of  the  step, 
whOe  one  foot  is  swinging  past  the  other,  the  effect  is  highly  eccentric, 
not  to  say  ludicrous.  The  indi\idual  appears  to  be  stumbling  over  his 
own  feet  like  a  tipsy  fiddler,  and  nobody  had  ever  been  seen  walking  in 
such  a  way.  On  the  last  page  of  their  book  the  Brothers  Weber  pro- 
pose to  test  the  correctness  of  their  diagrammatic  figures  by  the  aid  of 
Stampfer  &  Plateau's  stroboscopic  disks  in  the  shape  of  Horner's 
D8edaleum,t  which  has  (strange  to  say)  returned  tons  from  America  as 
a  new  inveutiou,  undeY  the  name  of  "zoetrope"  or  even  "vivantos- 
cope;''  but  whether  the  proposal  was  carried  out  or  not  does  not 
appear. 

However,  William  Weber  lived  to  see  his  assertions  thoroughly 
justified  almost  half  a  century  later  by  instantaneous  photography. 
It  wjis  first  put  into  practice  in  1872  by  Mr.  Eadweard  Muybridge  at 
the  suggestion  of  Mr.  Stanford,  in  order  to  fix  the  consecutive  attitudes 
of  horses  in  their  different  paces.  The  result  was  the  same  as  in 
Weber's  diagrammatic  figures;  pictures  were  obtained  which  nobody 
could  believe  to  have  been  seen  in  reality.  On  photographs  of  street 
life  and  processions  the  camera  frequently  surprised  people  in  attitudes 
quite  as  odd  as  those  attributed  to  them  by  the  brothers  Weber  on 
theoretical  grounds.  The  same  is  the  case  with  the  remarkable  series 
of  photographs  of  a  flying  bird  during  one  beat  of  its  wiugs,  obtained 
by  M.  Marey  with  his  photographic  gun. 

The  explanation  is  known  to  be  as  follows:  An  object  in  motion,  the 
s|>eed  of  which  varies  periodically,  leaves  a  deeper  and  more  lasting 

•SadiM  vV:  IVterseu,  *'A  Study  of  Cerebral  Palsies,"  etc.,  Journal  of  NervoM  and 
Menial  DiaeaBeM,  New  York,  May,  1890. 

t  Philo$ophical  Magazine,  January,  1834,  3d  series,  vol.  u,  p.  36. 
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impression  on  our  mind  in  those  i)08itions  which  it  occupies  longest, 
while  the  impression  is  fainter  and  more  fleeting  in  those  through 
which  it  passes  quickly.  Apart  from  all  knowledge  of  this  law,  a 
painter  would  never  represent  a  Dutch  clock  in  a  cottage  with  the 
pendulum  at  the  perpendicular,  as  every  spectator  would  inquire  why 
the  clock  had  been  stopped.  The  pendulum,  having  swung  in  one  di 
rection,  necessarily  stops  for  a  moment  while  preparing  to  return  in 
the  other,  and  consequently  its  diverging  position  is  more  vividly 
stamped  on  our  minds  than  those  during  which  it  passes  through  its 
position  of  rest  with  a  maximum  of  speed.  Precisely  the  same  thing 
occurs  with  the  alternately  swinging  legs  of  a  man  during  the  act  of 
walking;  the  body  remains  longest  in  the  position  in  which  both  feet 
support  it,  and  shortest  in  that  during  which  one  foot  swings  past  the 
other.  We  therefore  receive  scarcely  any  impression  from  the  latter 
series  of  attitudes.  We  imagine  a  walking  person,  and  painters 
accordingly  represent  him,  in  the  interval  between  two  steps,  with 
both  feet  touching  the  ground. 

In  the  case  of  a  running  horse,  however,  particular  circumstances 
intervene.  However  rapid  the  succession  of  instantaneous  photo- 
graphs, we  never  obtain  the  usual  image  of  a  racing  horse  such  as  it 
appears  in  large  numbers  in  the  print-shops  at  the  racing  season,  and 
such  as  we  suppose  we  actually  see  in  reality.  It  is  diflferent  in  the 
case  of  man ;  there  among  pictures  obtained  methodically  or  by  chance, 
which  have,  so  to  speak,  never  been  perceived  by  the  naked  eye,  some 
will  always  occur  which  agree  with  the  usual  aspect  of  a  walking  per- 
son. The  difference  consists  in  this,  that  in  a  racing  horse  the  interval 
of  time,  during  which  the  fore  legs  remain  in  complete  extension,  does 
not  coincide  with  that  during  which  the  hind  legs  are  fuUy  extended. 
Both  these  i)08itions  prevailing  in  pur  memory,  they  are  subsequently 
blended  into  the  traditional  picture  of  a  race  horse,  whereas  instan- 
taneous photography  fixes  them  successively.  Consequently  the  tra- 
ditional picture  is  wrong,  and  exhibits  the  horse  in  a  i)osition  through 
which  it  does  not  even  transitorily  pass. 

In  the  year  1882,  an  illustrated  American  paper  brought  out  a  picture 
of  a  steeple-chase,  in  which  all  the  horses  are  copied  from  Muybridge's 
photographs,  in  attitudes  only  visible  to  a  rapid  plate.  This  ingenious 
sketch  was  communicated  to  us  by  Prof.  Eder  in  Vienna,  in  a  pamphlet 
on  instantaneous  photography,  and  a  stranger  spectacle  can  not  well 
be  imagined.  The  correctness  of  these  apparently  wrong  pictures  can 
however  be  proved  by  realizing  the  idea  originally  suggested  by  the 
brothers  Weber,  and  integrating  into  a  general  impression  the  period- 
ical motion  which  has  been  resolved,  as  it  were,  into  differential 
pictures.  This  is  done  by  gazing  in  the  daedaleum  at  a  series  of  photo- 
graphs taken  at  sufficiently  brief  intervals  from  an  object  in  periodical 
motion,  or  illuminating  or  projecting  it  momentarily  during  its  rapid 
flight  past  the  eye.  The  latter  method  has  been  put  into  practice  by 
H.  Mis.  334,  pt.  1 43 
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Mr.  Muybridge  himself  in  his  "zoopraxiscope,''  and  with  us  in  the 
electric  stroboscope  by  Mr.  Ottomar  Anschiitz,  a  most  skillfiil  handler 
of  instantaneous  photography.  In  both  instruments  we  see  men  and 
horses  reduced  to  their  natural  mode  of  walking,  running,  or  jumping — 
with  one  exception.  The  speed  with  which  the  slits  of  the  dsedaleum 
pass  before  the  eye,  or  the  period  during  which  each  picture  is  illumi- 
nated, being  exactly  the  same  for  the  \icbole  series,  the  general  effect 
produced  is  somewhat  different  from  what  it  would  be  in  real  life. 
On  the  whole,  however,  the  position  in  which  both  feet  are  touching 
the  ground,  prevails,  because  the  motion  of  the  legs  slackens  when 
approaching  this  i)08ition,  so  that  the  pictures  follow  each  other  more 
closely  and  almost  coincide. 

The  series  of  instantaneous  photographs  taken  by  Mr.  Muybridge 
and  Mr.  Anschiitz  from  an  athlete,  during  the  performance  of  a  mus- 
cular effort,  are  an  inexhaustible  source  of  instruction  to  students  of 
the  nude.  Mr.  AnschUtz's  stroboscope  exhibits  a  stone  and  a  spear- 
thrower  in  all  the  different  stages  of  their  violent  action ;  their  muscles 
are  seen  to  swell  and  slacken,  until  finally  the  missile  is  represented 
after  its  discharge,  as  it  can  not  move  any  faster  than  the  hand  in  the 
act  of  hurling  it.  Animal  painters  will  find  equally  useful  the  instan- 
taneous photographs  which  Mr.  Muybridge  and  Mr.  Anschiitz  have  ob- 
tained from  domestic  and  wild  animals. 

Even  on  breakers  in  a  stormy  sea  the  camera  has  been  employed 
with  surprising  success.  In  making  use  of  these  photographs,  painters 
should,  however,  remember  that  the  human  eye  can  not  see  the  waves 
as  a  rapid  plate  does,  and  beware  of  producing  a  picture  which  in  cer- 
tain respects  would  be  quite  as  incorrect  as  the  clock  which  appears  to 
have  been  stopped,  or  the  man  stumbling  over  his  own  feet. 

Finally,  the  traditional  representation  of  lightning  in  the  shape  of  a 
fiery  zigzag  has  been  recently  proved  by  Mr.  Shelford  BidweU,  on  the 
evidence  of  two  hundred  instantaneous  photographs,  to  be  just  as 
wrong  as  the  traditional  picture  of  a  racing  horse.  Mr.  Eric  Stuart 
Bruce  endeavors  to  vindicate  the  zigzag  by  taking  it  for  a  reflection  on 
cumulus  clouds;*  it  is,  however,  difficult  to  understand  how  its  sharp 
angles  can  be  accounted  for  in  this  way. 

Prof,  von  BrUcke  has  devoted  a  special  essay  to  the  rules  for  the 
artistic  rendering  of  motion,  which,  together  with  the  laws  on  the  com- 
bination of  colors,  have  at  £dl  times  been  unconsciously  followed  by  the 
great  masters. 

A  cultivated  and  artistically  gifte<l  eye,  supported  by  sufficient  tech- 
nical knowledge,  was  always  able  to  compose  genuine  works  of  art  in 
photography,  as  Mrs.  Cameron  long  ago  proved.  In  our  days.  Dr.  Vi- 
anna  de  Lima  has  shown  how  this  branch  of  art  has  been  advaneed 
and  extended  by  instantaneous  photography.    It  contributes  a  solution 


*  Nature,  vol.  xui,  pp.  151  and  197. 
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toConti's  question  in  Lessing's  ^^  Emilia  Galotti^' — whether  Baphael, 
had  he  been  born  without  hands,  would  not  the  less  have  been  the 
greatest  of  painters.  The  photographic  plate  has  been  described  as 
the  true  retina  of  the  philosopher;  and  one  might  add,  of  the  artist,  if 
it  were  not  unluckily  almost  color-blind.  Unfortunately,  theoretical 
reasons  which  experience  will  hardly  cbntradict  render  it  highly  im- 
probable that  the  expectations  still  entertained  by  artists  and  the  gen- 
eral public,  with  regard  to  photography  in  natural  colors,  will  ever  be 
realized. 

Whether  photography  does  not  act  unfavorably  on  the  reproductive 
arts,  such  as  engraving,  lithography,  and  woodcutting,  by  taking  their 
place  to  an  increasing  extent,  remains  to  be  proved.  Its  fidelity  is  cer- 
tainly such  as,  in  a  certain  sense,  to  lower  the  value  of  the  original 
drawings  of  old  masters,  by  making  them  common  property.  An  exhibi- 
tion, arranged  by  one  of  our  art-dealers  several  years  ago,  of  the  best 
engravings  of  the  "Madonna  della  Sedia,^  together  with  a  photograph 
from  the  original,  first  opened  our  eyes  to  the  extent  to  which  each 
master  has  embodied  in  his  copy  his  own  individual  conception.  But 
even  were  photography  to  cause  such  a  retrogression  in  the  reproduc- 
tive arts,  of  what  importance  would  that  be,  compared  to  the  immeasur- 
able services  which,  as  a  means  of  reproduction  itself,  it  renders  art, 
by  disseminating  the  knowledge  and  enjoyment  of  artistic  work  of  all 
kinds  and  periods?  No  one  can  fiiUy  estimate  and  appreciate  what  it 
has  done  to  beautify  and  enrich  our  life,  whose  memory  does  not  reach 
back  into  those,  as  it  were,  prehistoric  times,  "when  man  did  not  yet 
travel  by  steam,  write  and  speak  by  lightning,  and  paint  with  the  sun- 
beam." 

Is  it  credible,  after  all  this,  that  there  can  be  any  need  of  mentioning 
the  benefits  derived  by  art  from  the  study  of  anatomy!  Has  not  the 
"Gladiator''  of  the  Palazzo  Borghese  given  rise  to  the  conjecture  that 
there  were  anatomical  mysteries  among  the  Greek  artists,  as  the  only 
means  by  which  they  could  have  obtained  such  complete  mastery  of  the 
nudef  Was  it  not  through  incessant  anatomical  studies  that  Michael 
Angelo  acquired  the  knowledge  necessary  for  the  unprecedented  bold- 
ness of  his  attitudes  and  foreshortenings,  which  are  still  a  source  of  ad- 
miration to  anatomists  such  as  Prof.  Henke  and  Prof,  von  Briickef 
Has  not  provision  been  made  by  all  governments  that  methodically 
encourage  art  to  afford  to  students  an  opportunity  of  training  the  eye  on 
the  dead  subject  to  note  what  they  will  have  to  distinguish  under  the 
living  skint  Have  not  three  successive  teachers,  who  afterwards  be- 
came members  of  this  academy,  been  intrusted  with  this  important  duty 
in  Berlin  f  Finally,  do  we  not  possess  excellent  compendiums  of  anat- 
omy specially  adapted  to  the  use  of  artists! 

And  yet  the  most  renowned  English  art  critic  of  the  day,  who  in  his 
country  enjoys  the  reputation  and  veneration  of  a  Lessing,  and  who 
lays  down  the  law  with  even  more  assurance — ^Mr.  John  Buskin — 
explicitly  forbids  his  pupils  the  study  of  anatomy  in  his  lectures  on 
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"The  Relation  of  Natural  Seieoce  to  Art,"*  given  before  the  Univer- 
sity of  Oxford.  Even  in  the  preface  he  deplores  its  pernicious  influence 
on  Mantegna  and  Dtirer,  as  contrasted  with  Botticelli  and  Holbein, 
who  kept  free  from  it.  "The  habit  of  contemplating  the  anatomical 
structure  of  the  human  form,"  he  continues,  "is  not  only  a  hindrance, 
but  a  degradation,  and  has  been  essentially  destructive  to  every  school 
of  art  in  which  it  has  been  practiced.^  According  to  him,  it  misleads 
jminters,  as  for  instance  Diirer,  to  see  and  represent  nothing  in  the 
human  face  but  the  skulL  The  artist  should  "  take  every  sort  of  view 
of  animals,  in  feet,  except  one — the  butcher's  view.  He  is  never  to 
think  of  them  as  bones  and  meat.'' 

It  would  be  waste  of  time  and  trouble  to  refute  this  false  doctrine, 
and  to  set  forth  what  an  indispensable  aid  anatomy  gives  to  {»*tist8, 
without  which  they  are  left  to  grope  in  the  dark.  It  is  all  very  well 
to  trust  one's  own  eyes,  but  it  is  better  still  to  know,  for  instance,  how 
the  male  and  female  skeleton  differ;  why  the  kneecap  follows  the  direc- 
tion of  the  foot  during  extension,  and  not  during  flexion  of  the  leg; 
why  the  profile  of  the  upper  arm  during  supination  of  the  hand  diflers 
from  that  during  pronation;  or  how  the  folds  and  wrinkles  of  the  face 
correspond  to  the  muscles  beneath.  Gampe's  facial  angle,  though 
superceded  for  higher  puri)08es  by  Prof.  Yirchow's  basal  angle,  still 
reveals  a  world  of  information.  It  is  hardly  conceivable  how,  without 
knowledge  of  the  skull,  a  forehead  can  be  correctly  modelled,  or  the 
shape  of  a  forehead  such  as  that  of  the  "Jupiter  of  Otricoli"  or  the 
"  Hermes  "  be  rightly  understood.  Of  course  fanciful  exaggeration  of 
anatomical  forms  may  lead  to  abuse,  as  is  frequently  the  case  with 
Michael  Angelo's  successors ;  however,  there  is  no  better  remedy  against 
the  Michael  Angelesqne  manner  than  earnest  study  of  the  real.  Finally, 
a  superficial  knowledge  of  comparative  anatomy  helps  artists  to  avoid 
such  errors  as  an  illustrious  master  once  fell  into,  who  gave  the  hind- 
leg  of  a  borse  one  joint  too  many;  or  such  as  amuses  naturalists  in  the 
crocodile  of  the  Fontaine  Cuvier  near  the  Jardiu  des  Plantes,  which 
turns  its  stiflT  neck  so  far  back  that  the  snout  almost  touches  the  flank. 

We  are,  however,  less  surprised  at  Mr.  Buskin's  opinions,  on  learn- 
ing that  he  similarly  prohibits  the  study  of  the  nude.  It  is  t4>  be  con- 
fined to  those  parts  of  the  Ixxly  which  health,  custom,  and  decency 
permit  to  l>e  left  uncovere<l,  a  restriction  which  certainly  renders 
anatomical  studies  somewhat  su]>erfluous.  It  is  satisfactory  to  think 
that  decency,  custom,  and  health  allowed  the  ancient  Greeks  more 
liberty  in  this  respect.  Fortunately,  the  English  department  of  the 
Berlin  Intemati<»^  ^^Rxhibitit**i  four  years  ago  has  convinced  us  that 
Mr.  Buskin's  dai*  -  ^  pai  ics  do  not  yet  generally  prevail,  and 
that  we  are  free  1  %  tiheui  uur  admiration  of  ^Ir.  Alma  Tadema's 
and  Mr.  Herkom  ^"^tt   ^Usould  Mr.  Walter  Crane's  charm- 

* '' The  £»gl^|^    1  ^       f  ^Htelation     '  Natural  Science  to  Art,'* 
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iug  illustrations,  the  delight  of  our  nurseries,  have  been  produced  with- 
out disregard  of  Mr.  Ruskin's  preposterous  doctrine. 

In  the  same  lecture  Mr.  Kuskin  opposes  with  the  utmost  vehemence 
the  theory  of  evolution  and  natural  selection,'and  the  aesthetic  rule 
founded  on  it,  according  to  which  vertebrate  animals  should  not  be 
represented  with  more  than  four  legs.  "  Can  any  law  be  conceived," 
he  says,  "more  arbitrary,  or  more  apparently  causeless!  What 
strongly  planted  three-legged  animals  there  might  have  been !  what 
systematically  radiant  five-legged  ones!  what  volatile  six-winged  ones ! 
what  circumspect  seven-headed  ones!  Had  Darwinism  been  true,  we 
should  long  ago  have  split  our  heads  in  two  with  foolish  thinking,  or 
thrust  out,  from  above  our  covetous  hearts,  a  hundred  desirous  arms 
and  clutching  hands,  and  changed  ourselves  into  Briarean  Cephalo- 
poda.'* 

Obviously,  this  false  prophet  has  no  notion  of  what  in  morphology  is 
called  a  type.  Can  it  be  necessary  to  remind  a  countryman  of  Sir 
Richard  Owen  and  Prof.  Huxley  that  the  body  of  every  vertebrate  ani- 
mal is  based  on  a  vertebral  column,  from  which  it  derives  its  name, 
expanding  at  one  end  into  a  skull,  reduced  to  a  tail  at  the  other,  and 
surrounded  before  and  behind  by  two  bony  girdles,  the  pectoral  and 
the  pelvic  arches,  from  which  depend  the  fore  and  hind  limbs,  with 
their  typical  joints!  The  very  fact  that  paleontology  has  never  known 
any  form  of  vertebrate  animal  to  depart  from  this  type  is  in  itself  a 
striking  argument  in  favor  of  the  doctrine  of  evolution  and  against 
the  assumption  of  separate  acts  of  creation,  there  being  no  reason 
why  a  ft*ee  creative  power  should  have  thus  restricted  itself.  So  little 
will  nature  deviate  from  the  type  on(»e  given  that  even  deformities  are 
traced  back  to  it  by  teratology.  They  are  not  really  monstrosities; 
not  even  those  with  a  single  eye  in  the  middle  of  the  forehead,  which 
Prof.  Bxnfer  takes  to  be  prototypes  of  the  Cyclops,  Flaxman  being  cer- 
tainly mistaken  in  representing  Polyphemus  with  three  eyes — two  nor- 
mal ones  which  are  blind,  and  a  third  in  the  forehead.  Real  monstros- 
ities are  those  winged  shapes  of  Eastern  origin,  invented  by  a  riotous 
fancy  while  art  was  in  its  childhood ;  the  bulls  of  Nimriid,  the  Harpies, 
Pegasus,  the  Sphinx,  the  griffin,  Artemis,  Psyche,  Notos  of  the  Tower 
of  Winds,  the  goddesses  of  Victory,  and  the  angels  of  Semitic-Chris- 
tian origin.  A  third  pair  of  extremities  (Ezekiel  even  admits  a  fourth), 
is  not  only  contrary  to  the  type,  but  also  irrational  in  a  mechanical 
sense,  there  being  no  muscles  to  govern  them.  In  the  "  Fight  with  the 
Dragon"  Schiller  has  happily  avoided  giving  his  monster  the  usual 
pair  of  wings;  and  in  Retzsch's  illustrations  its  shape  agrees  so  far  with 
comparative  anatomy  as  to  recall  a  Plesiosaurus  or  Zeuglodon  returned 
to  life  and  changed  into  a  land  animal;  indeed,  the  resemblance  be- 
tween those  animals  and  the  mythical  dragon  has  led  to  the  question 
whether  the  first  human  being  might  not  have  actually  gazed  upon  the 
last  specimens  of  those  extinct  animal  races. 
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An  abomiiiatiou  closely  related  to  the  winged  beasts  are  the  Cen- 
taurs, with  two  thoracic  and  abdominal  cavities  and  a  doable  set  of 
viscera;  the  Cerberus  and  Hydra,  with  several  heads  on  as  many 
necks;  and  the  warm-blooded  Hippocamps  and  Tritons,  whose  bodies, 
destitute  of  hind  limbs,  end  in  cold-blooded  fish — an  anomaly  which 
already  shocked  Horace.  If  they  had  at  least  a  horizontal  tail  fin  they 
might  pass  for  a  kind  of  whale.  The  cloven-footed  faun  is  less  intolerable ; 
from  him  our  Satan  inherited  his  horns,  pointed  ears,  and  hoofs,  on  ac- 
count of  which  Cuvier,  in  Franz  von  Kobell^s  witty  apologue,  ridicules 
him  as  an  inoffensive  vegetable  feeder.  The  heraldic  animals,  such  as 
the  double  eagle  and  the  unicorn,  have  no  artistic  pretensions,  and 
their  historical  origin  entitles  them  to  an  indulgence  they  would  other- 
wise not  deserve. 

It  is  a  remarkable  instance  of  the  flexibility  of  our  sense  of  beauty 
that,  though  saturated  with  morphological  principles,  our  eye  is  no 
longer  offended  by  some  of  these  monstrosities,  such  as  the  winded 
Nike  and  the  angels;  and  it  would  perhaps  be  pedantic,  certainly  in- 
effectual, to  entirely  condemn  these  traditional  and  more  or  less  sym- 
bolical figures,  though  in  fact  the  greatest  masters  of  the  best  epochs 
have  made  very  slight  use  of  them.  There  are  however  limits  to  our 
toleration.  Giants,  as  they  occur  in  our  Gigantomachia,  with  thighs 
turning  half  way  down  into  serpents,  which  consequently  rest,  not  upon 
two  legs,  but  upon  two  vertebral  columns  ending  in  heads  and  endowed 
with  special  brains,  spinal  cords,  hearts,  and  intestinal  canals,  special 
lungs,  kidneys,  and  sense  organs — these  are,  and  always  will  be,  the 
abhorrence  of  every  morphologically  trained  eye.  They  prove  that^  if 
the  sculptors  of  Pergamon  surpassexl  their  predecessors  of  the  Periclean 
era  in  technical  skill,  they  were  certainly  second  to  them  in  artistic  re- 
finement. Perhaps  they  should  be  excused  on  the  plea  that  tradition 
bound  them  to  represent  the  giants  with  serpent  legs.  The  Hippo- 
camps  and  Tritons,  with  horses'  legs  and  fish  tails,  which  disfigure  onr 
Schlossbriicke,  date  from  a  period  in  which  classical  taste  still  reigned 
supreme,  and  morphological  views  were  still  less  widely  diffused  than 
at  present.  Let  us  therefore  pardon  Schinkel  for  designing  or  at  least 
sanctioning  them,  as  well  as  the  winged  horse  and  griffin  on  the  roof 
of  the  Schauspielhaus,  for  which  he  must  also  be  held  responsible.  But 
our  indignation  is  justly  aroused  when  a  celebrated  modem  painter  de- 
picts with  crude  realism  such  misshapen  male  and  female  monsters 
wallowing  on  rocks,  or  splashing  about  in  the  sea,  their  bodies  ending 
in  fat  shiny  salmon,  with  the  seam  between  the  human  skin  and  the 
scaly  cover  scantily  disguised.  Such  ultramarine  marvels  are  wor- 
shipped by  the  crowd  as  the  creations  of  genius;  then  what  a  genius 
Hollen-Breughel  must  have  been ! 

Curiously  enough,  the  inhabitants  of  the  caves  of  P6rigord,  the  con- 
temporaries of  the  mammoth  and  musk  ox  in  France,  and  the  bushmen 
whose  paintings  were  discovered  by  Prof.  Fritsch,  only  repre^sented  as 
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faithfully  as  possible  such  animals  with  which  they  were  familiar; 
whereasthe  Aztecs,  a  people  of  comparatively  high  civilizatiou,  indulged 
ill  fancies  of  more  than  Eastern  hideousness.  It  would  almost  appear 
as  if  bad  taste  were  associated  with  a  middle  stage  of  culture. 

With  regard  to  the  teaching  of  anatomy  in  schools  of  art,  the  above 
proves  that  it  should  not  be  confined  to  human  osteology,  myology, 
and  the  doctrine  of  locomotion  alone,  but  that  it  should  also  endeavor — 
and  the  task  is  not  difficult — to  familiarize  the  student  with  the  funda- 
mental principles  of  vertebral  morphology. 

Botanists  sbould  in  their  turn  point  out  such  violations  of  the  laws 
of  the  metamorphosis  of  plants  as  must,  no  doubt,  frequently  strike  them 
in  the  acanthus  arabesques,  palmettos,  rosettes,  and  scrolls  handed 
down  to  us  from  the  ancients.  For  obvious  reasons,  however,  these 
can  not  affect  them  as  painfully  as  malformations  of  men  and  animals, 
being  in  themselves  repulsive  to  natural  feelings,  would  the  compara- 
tive anatomist.  Moreover,  a  beneficial  revolution  has  recently  taken 
place  in  floral  ornament.  The  displacement  of  Gothic  art  by  the 
antique  during  the  Renaissance  had  led  to  a  dearth  of  ideas  in  decora- 
tive art.  The  rich  fancy  and  naive  observation  of  nature  displayed 
upon  the  capitals  of  many  a  cloister  had  gradually  given  way  to  a 
fixed  conventionalism  no  longer  founded  on  reality.  Eauch,  at  Car- 
rara, in  search  of  a  model  for  the  eagles  on  his  monuments,  was  the 
first  to  turn  to  a  golden  eagle,  accidentally  captured  on  the  spot,  in- 
stead of  to  one  of  the  statues  of  Jupiter.  It  was  then  that,  towards 
the  middle  of  the  century,  decorative  art  began  to  shake  off"  its  fetters, 
and,  combining  truthfulness  with  beauty,  returned  to  the  study  and 
artistic  reproduction  of  the  living  plants  with  which  we  are  surrounded. 
In  this  respect  the  Japanese  had  long  ago  adopted  a  better  course,  and 
to  them  we  have  since  become  indebted  for  many  suggestions.  Thus 
highly  welcome  additions  were  made  to  the  decoration  of  our  homes 
and  the  ornaments  of  female  dress. 

In  one  direction,  however,  it  will  be  observed  that  men  of  science 
readily  dispense  with  a  strict  observation  of  the  laws  of  nature  in  art, 
at  the  risk  of  being  charged  with  inconsistency.  In  works  of  art,  both 
ancient  and  modern,  flying  and  soaring  figures  occur  in  thousands. 
These,  no  doubt,  sin  against  the  omniimtent  and  deeply  felt  laws  of 
gravity  quite  as  much  as  the  most  loathsome  creations  of  a  depraved 
imagination  against  the  principles  of  comparative  anatomy,  familiar 
only  to  a  few  adepts.  Nevertheless  they  do  not  displease  us.  We  pre- 
fer them  without  wings,  because  wings  are  contrary  to  the  type,  and 
could  be  of  no  use  to  them  without  an  enormous  bulk  of  muscle.  But 
we  do  not  mind  the  Madonna  Sistina  standing  on  clouds  and  the  sub- 
ordinate figures  kneeling  on  the  same  impossible  ground.  "Ezekiel's 
Vision'^  in  the  Palazzo  Pitti  is  certainly  less  acceptable.  But  to  quote 
modem  examples,  Flaxman's  "Gods  fl.ving  to  the  aid  of  the  Trojans,'' 
or  Cornelius's  Apocalyptical  riders,  and  Ary  Scheflfer's  divine  Francesca 
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di  Eimini,  with  which  Dore  had  to  enter  iuto  hopeless  competitiou,  are 
not  the  less  enjoyable  because  they  are  physically  impossible.  We  do 
not  even  object  to  Luini's  representing  the  corpse  of  St.  Catharine 
carried  through  the  air  by  angels,  or  to  that  of  Sarpedon,  in  Flaxman'^ 
drawing,  by  Sleep  and  Death. 

In  an  interesting  lecture  on  the  "  Physiology  of  Flying  and  Soaring 
in  the  Fine  Arts,"  Prof.  Exner  endeavors  to  explain  why  illustrations 
of  men  and  animals  in  this  condition,  though  impossible  and  never 
visible  in  real  life,  strike  us  as  familiar  and  natural.  I  do  not  profess 
to  agree  entirely  with  the  solution  which  he  appears  4o  prefer.  His 
idea  is  that  our  sensations  in  swimming,  and  the  position  in  which  we 
see  persons  above  us  in  the  water  when  diving,  are  similar  to  what  we 
would  experience  in  flying.  Considering  what  a  short  time  the  art  of 
swimming  has  been  generally  practiced  by  modern  society,  especially 
by  ladies,  who  nevertheless  appreciate  flying  figures  just  the  same, 
doubts  arise  as  to  the  correctness  of  Prof.  Exner's  explanation.  To 
attribute  the  feeling  to  atavism  in  a  Darwinian  sense,  dating  from  a 
fish  period  in  the  development  of  man,  seems  rather  far-fetched.  And 
do  not  the  sensations  and  aspect  of  a  skater  come  much  nearer  to  flying 
or  soai*ing  than  those  of  a  swimmer  t 

Another  remark  of  Prof.  Exner,  which  had  also  occurred  to  me, 
appears  more  acceptable.  It  is,  that  under  especially  favorable  >>odily 
conditions  we  experience  in  our  dreams  the  delicious  illusion  of  flying. 

For 

''in  each  soul  is  born  the  pleasore 
Of  yearuing  onward,  upward,  and  away, 
When  o'er  our  heads,  lost  in  the  vaulted  azure, 
The  lark  sends  down  his  flickering  lay, 
When  over  crags  and  piny  highlands 
The  poising  eagle  slowly  soars, 
And  over  plains  and  lakes  and  islands 
The  crane  sails  by  to  other  shores."* 

Who  would  not  long,  like  Faust,  to  soar  out  and  away  towards  the 
setting  sun,  and  to  see  the  silent  world  bathed  in  the  evening  rays  of 
eternal  light  far  beneath  his  feet!  And  when  we  long  for  anything, 
we  love  to  hear  of  it,  and  to  see  it  brought  before  us  in  image.  Our 
desire  to  rise  into  the  aether,  and  our  pleasure  in  '*  Ascensions''  and 
similar  representations,  are  further  enhanced  by  the  ancient  belief  of 
mankind  in  the  existence  of  celestial  habitations  for  the  blessed  beyond 
the  starry  vault;  a  belief  which  Giordano  Bruno  put  an  end  to,  though 
not  so  thoroughly  but  that  we  are  constantly  forgetting  how  badly  we 
should  fare,  were  we  actually  to  ascend  into  those  vast,  airless,  icy 
regions,  which  even  the  swiftest  eagle  would  take  years  to  traverse 
before  alighting  on  some  probably  uninhabitable  sphere. 

We  are  now  inclined  to  reverse  the  question,  and  to  ask:  What  have 
sculpture  and  painting  been  able  to  do  for  science  in  return  for  its  vari- 


*  Translation  of  Goethe's  "  Faust,"  by  Bayard  Taylor. 
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OU8  services!  With  the  exception  of  external  work,  such  as  the  repre- 
senting of  natural  objects,  not  much  else  than  the  results  obtained  by 
X>ainters  as  to  the  comi>osition  and  combination  of  colors,  which,  how- 
ever, have  not  exercised  as  strong  an  influence  on  chromatics  as  music 
on  acoustics.  It  is  known  that  the  Greeks  possessed  a  canon  of  the 
proportions  of  the  human  body,  attributed  to  Polycletes,  which,  as 
Prof.  Merkel  recently  objected,  unluckily  only  applied  to  the  full-grown 
frame,  to  the  detriment  of  many  ancient  works  of  art.  The  blank  was 
not  systematically  filled  up  till  the  time  of  Gottfried  Schadow.  This 
canon  has  since  become  the  basis  of  a  most  promising  branch  of  anthro- 
pology— anthropometry  in  its  application  to  the  human  races. 

If  the  definition  of  art  were  stretched  so  far  as  to  include  the  power  of 
thinking  and  conceiving  artistically,  then,  indeed,  it  would  be  easy 
enough  to  find  relations  and  transitions  between  artists  and  philoso- 
phers, though,  as  we  remarked  at  the  beginning,  their  paths  diverge  so 
completely.  But  it  is  not  so  certain  that  natural  science  would  neces- 
sarily be  benefited  by  an  artistic  conception  of  its  problems.  The  aberra- 
tion of  science  at  the  beginning  of  this  century,  known  as  German 
physiophilosophy  owed  its  origin  quite  as  much  to  aesthetics  as  to  meta- 
physics, and  the  same  erroneous  principles  guided  Goethe  in  his  scieu- 
tiflc  researches.  The  artistic  conception  of  natural  problems  is  in  so 
far  defective  as  it  contents  itself  with  well-rounded  theoretical  abstrac- 
tions instead  of  penetrating  to  the  causal  connection  of  events  to  the 
limits  of  our  understanding.  It  may  sufBce  in  cases  where  analogies 
are  to  be  recognized  by  a  plastic  imagination  between  certain  organic 
forms,  such  as  the  structure  of  plants  or  vertebrate  animals;  but  it  falls 
altogether  in  subjects,  such  as  the  theory  of  colors,  because  it  stops 
short  at  the  study  of  what  are  supi)osed  to  be  primordial  phenomena 
instead  of  analyzing  them  mathematically  and  phy^cally.  Prof,  von 
Briicke  subsequently,  by  the  aid  of  the  undulatory  theory,  traced  to 
their  physical  causes  the  colors  of  opaques  on  which  Goethe  founded 
his  theory  of  colors  and  which  to  this  day  have  tended  rather  to  darken 
than  to  enlighten  certain  German  intellects.  The  diflference  between 
artistic  and  scientific  treatment  becomes  very  evident  in  this  example. 

Nevertheless,  it  can  not  be  denied  that  artistic  feeling  may  be  useful 
to  scientific  men.  There  is  an  aesthetic  aspect  of  experiment  which 
strives  to  impart  to  it  what  we  have  termed  mechanical  beauty;  and 
no  experimenter  will  regret  having  responded  to  its  demands  as  far  as 
was  in  his  power.  Moreover,  the  transition  from  a  literary  to  a  scien- 
tific ei>och  in  the  intellectual  developement  of  nations  is  accompanied 
by  a  tendency  to  brilliant  delineation  of  natural  phenomena,  arising 
from  the  double  influence  of  the  setting  and  the  dawning  genius.  In- 
stances thereof  are  Buflbn  and  Bemardin  de  Saint-Pierre  in  France, 
and  Alexander  von  Humboldt  in  Germany,  who,  to  his  extreme  old  age, 
remained  faithftd  to  this  tendency.  In  the  course  of  time,  this  somewhat 
incongruous  mixture  of  styles  splits  into  two  different  manners.    Pop- 


Digitized  by  VjOOQ IC 


682  ON   THE   RELATION   OF   NATURAL   SCIENCE   TO   ART. 

niar  teaching  preserves  its  ornameDtal  character,  while  the  results  of 
scientific  research  only  claim  that  kind  of  beauty  which  in  literature 
corresponds  to  mechanical  beauty.  In  this  sense,  as  I  long  ago  ven- 
tured to  indicate  here  on  a  similar  occasion,  a  strictly  scientific  psiper 
may,  in  tasteful  hands,  be  made  as  finished  a  piece  of  writing  as  a  work 
of  fiction.  To  strive  after  such  perfection  will  always  repay  the  trouble 
to  men  of  science;  for  it  is  the  best  means  of  testing  whether  a  chain 
of  reasoning,  embracing  a  series  of  observations  and  conclusions,  is 
faultlessly  complete. 

And  this  kind  of  beauty,  which  often  graces,  unconsciously  and  un- 
sought for,  the  utterances  of  genius,  will  no  doubt  be  also  found  to 
adorn  Leibnitz's  writings. 
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Argentine  Repnhlio,  Goyemmental  exchanges  with 47 

transmissions  made  to 45 

Arkansas,  moonds  in,  examined  by  W.  H.  Holmes 29 

Armadillo  added  to  Zoological  Park 52 

Army  Medical  Library  the  depository  of  medical  publications  received  by 

Smithsonian  Institution 12 

Museum,  exchange  relations  with 41 

Art,  relation  of  natural  science  to,  paper  by  £.  du  Bois-Reymond 661 

Arts  and  industry  collections,  accessions  to 18 

Asiatic  elephant  presented  by  James  E.  Cooper 50 

Asio  aocipitrinus  and  wilsonianus,  added  to  Zoological  Park 52 

Assignment  of  rooms  for  scientific  work 14 

Assistance,  additional,  required  for  National  Museum 17 

Assistant  appointed  in  exchange  bureau 42 

Astro-physical  observatory 7 

bequest  of  Dr.  J.  H.  Kidder 7 

building  to  be  erected  by  Smithsonian  Institution xiii,  7 

Congressional  appropriation  for XLin,  8 

donation  from  Dr.  Alexander  Graham  Bell 7 

establishment  of 7 

estimates  for 4 

exchange  relations  with 41 

means  required  for  maintenance  of xiii 

Secretary's  report  on 1, 6 

instruments  employed 7 

permanent  establishment  expected  from  Congress 8 

services  of  Prof.  C.  C.  Hutchins 8 

Asuncion,  Paraguay,  exchange  agency  in 44 

Ateles  ater  added  to  Zoological  Park 52 

Athens,  Greece,  exchange  agency  in 44 

Atlas  Steamship  Company,  grant  free  freight 43 

Atmosphere,  the  general  circulation  of  the,  paper  on,  by  Werner  von  SiemenH.  179 

Attorney-General,  a  member  of  "  The  Establishment " ix 

exchange  relations  with 41 

Auerbac'h,  paper  on  absolute  measure  of  hardness 207 

Autobiographical  sketch  of  Justus  von  Liebig 257 

Austria,  governmental  exchanges  with 47 

transmissions  made  to 45, 47 

Austria-Hungary,  exchange  agency  for 44 

B. 

Baden,  governmental  exchanges  with 47 

transmissions  made  to 47 

Badger  added  to  Zoological  Park 52 

Bailey,  H.  B.  &  Co.,  grant  free  freight 43 

Bailey,  Dr.  Jonathan,  bequest  of  medical  library xx,  14 

Baird,Prof.  S.  F.,  statue  for 13 

Baker,  Frank,  acting  manager  Zoological  Park 62 

report  on  Zoological  Park 52 

Baltazzi  consul-general  grants  free  freight 43 
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Pace. 

Bancroft,  Hon.  George,  death  of 2 

obituary  notice  of 25 

resolutions  by  Board  of  Regents  relative  to xx 

Barber  &  Co.,  grant  free  freight 43 

Barton  County,  Georgia,  mounds  in,  examination  of 30 

Barns,  Carl,  translation  by 207 

Bascanion  constrictor  added  to  Zoological  Park 52 

Basel,  University  of,  sent  set  of  academic  publications *     58 

Bassaris  astuta  added  to  Zoological  Park 52 

Batrachians,  collection  of,  accessions  to 19 

Bavaria,  governmental  exchanges  with 47 

transmissions  made  to 47 

Bear  dens  in  Zo51ogical  Park,  construction  of 24, 49 

Beaver  added  to  Zoological  Park 52 

Belgian  Exchange  Commission,  donations  to  library  by 59 

Belgium,  exchange  agency  for 44 

governmental  exchanges  with 47 

transmissions  made  to 45, 47 

Bell,  Dr.  Alexander  Graham,  donation  from 3, 7 

Beneden,  Prof,  von,  donations  to  library  by 58 

Bequest  of  Dr.  J.  R.  Bailey 14 

medical  library  by  Dr.  Jonathan  R.  Bailey xx 

Simeon  Habel,  condition  of 3 

James  Hamilton,  condition  of 3 

Dr.  J.  H.  Kidder 3,7 

Berlin,  the  national  scientific  institutions  of,  paper  by  Albert  Guttstadt  ...  61, 63 

Bern,  Switzerland,  exchange  agency  in 45 

University  of,  sent  set  of  academic  publications 58 

Bibliographic  notes  on  Eliot's  Indian  Bible 37 

Bibliography  of  Algonquin  languages  in  preparation 35 

the  Chemical  Influence  of  Light,  by  Alfred  Tuckermann. . .  8, 9, 62 

publications  relating  to  National  Museum  in  1888 62 

Big  horn  sheep,  death  of 51 

Birds'  eggs  and  nests  collection,  accessions  to 19 

Birds,  collection  of,  accessions  to 19 

Births  of  animals  in  Zoological  Park 50,51 

Bison,  herd  of,  accommodations  for,  in  Zoological  Park *J5, 49 

Bixby,  Thos.  E.,  «fc  Co.,  grant  free  freight 43 

Black  wolf  added  to  Zoological  Park 52 

Blaine,  Hon.  James  G.,  member  of  * '  The  Kstablishmeut " ix 

Board  of  health,  exchange  relations  with 41 

Board  of  Regents,  annual  meeting  of 1 

changes  in 1, 2 

annual  report  of I 

Journal  of  Proceedings  of XI 

1888  and  1889 62,63 

proceedings  of iv 

resolutions  by xii,  xni,  xvi,  xvii,  xx 

A'acancies  in,  HIUmI  by  Congressional  resolutions xi 

Bogota,  Colombia,  exchange  agency  in 44 

Boilers  for  National  Musf-um,  ( .'ongressionul  appro])riatiou  for XLU 

estimates  for 4 

Bois-Reymond,  du,  ])aper  <m  relation  of  natural  science  to  art 661 

Bolivia,  transmissions  made  to 45, 47 
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Bonds,  sale  of,  deposits  from 3 

Bonn,  University  of,  sent  set  of  academic  publications 58 

Books  for  the  Secretary's  library 12 

Borland,  B.  R.,  grant  free  freight 43 

Bors,  Consul-General  C,  grant  free  freight 43 

Botanic  Garden^  exchange  relations  with 41 

Botany,  economic,  possibility  of,  by  G.  L.  Croodale 617 

Botassi,  Consul-General  D.  W.,  grant  free  freight 43 

Boulton,  Bliss  and  Dallett,  grant  free  freight 43 

Brazil,  exchange  agency  for 44* 

transmissions  made  to 45, 47 

National  Library  of,  donations  to  library  by 59 

Breslau,  K.  Preuss.  Ober-Bergamt,  donations  to  library  by 59 

University  of,  set  of  academic  publications 58 

Bridge  in  Zoological  Park 23,24,48,49,51 

British  America,  exchange  agency  for 44 

Colonies,  exchange  agency  for 44 

transmissions  made  to 45, 47 

Guiana,  exchange  agency  for 44 

Museum,  donations  to  library  by 58 

Brisbane,  Queensland,  exchange  agency  in 45 

Bronzes,  collection  of,  accessions  to 19 

Brown,  J.  Campbell,  translation  by 257 

Brown,  Vernon  H.  &  Co.,  grant  free  freight 43 

Bruxelles,  Belgium,  exchange  agency  in 44 

Brussels  exchange  treaty 11, 40, 41 

appropriation  for,  required 11, 42 

Bubo  yirginianus  added  to  Zoological  Park 52 

Buenos  Aires,  governmental  exchanges  with 47 

transmissions  made  to 47 

Buildings 5 

Building  for  astro-physical  observatory xni,  7, 8 

required  for  National  Museum 5, 14 

Senate  action  on .  '6 

Smithsonian,  appropriations  for  fire-proofing 5 

needs  of  Exchange  service 6 

repairs,  appropriation  for,  to  be  expended  by  the  Secretary xii,  xui 

required  for  Zoological  Park,  Congressional  appropriation  for 22 

Zoological  Park 6 

Bullay,  H.  J.,  grants  free  freight 43 

Bull  snake  added  to  Zoological  Park 62 

Bureau  of  Engraving  and  Printing  presented  copies  of  portraits  of  Regents.  13 

Education,  exchange  relations  with 41 

Ethnology  accounts  examined  by  executive  committee xxxvni 

appropriations,  change  of  phraseology  in xxx  viii 

Congressional  appropriation  for xxiv, 

XXV,  xxxvii,  xxxviii,  xiai 

exchange  relations  with 41 

expenditures  on  account  of xxiv,  xxv 

field  work 29 

office  work 33 

Powell,  J.W.,  Director  of xxiv,37 

publications 37 

report  by  the  Director •...•• 29 
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Bureau  of  Ethnology,  report  of  executive  committee  on xxi,  xxiv,  xxxvii 

Secretary's  report  on 20, 21, 28 

International  Exchanges,  Secretary's  report  on 1*9, 28 

Indian  commissioners,  exchange  relations  with 41 

Medicine  and  Surgery,  exchange  relations  with 41 

Mint,  exchange  relations  with 41 

Navigation,  exchange  relations  with 41 

Ordnance,  exchange  relations  with 11 

Rolls,  State  Department,  exchange  relations  with 41 

Statistics,  exchange  relations  with 41 

Butro  liueatus  added  to  Zoological  Park 52 

Butterworth,  Hon.  Benjamin,  Regent  of  the  Institution x 

C. 

Cabinet  officers  to  compose  **  ITie  Establishment  '* x\ti 

Cairo,  Egypt,  exchange  agency  in 44 

Calcutta,  India,  exchange  agency  in 44 

Calderon,  Consul-general  Climaco,  grants  free  freight 43 

Caldo,  Consul -General  A.  G.,  grants  free  freight 43 

Callipepla  squamatu  added  to  Zoological  Park 52 

Cameron,  R.  H.,  &.  Co.,  grant  free  freight 43 

Canada,  transmissions  made  to 47 

(Ottawa),  govenunental  exchanges  with 47 

(Toronto),  governmental  exchanges  with 47 

Candisona  miliaria  adde<l  to  Zoological  Park 52 

Canis  lutrans  and  orcidentalis  added  to  Zoological  Park 52 

Cape  Colony,  exchange  agency  for 44 

Capron  collection  of  Japanese  works  of  art — 

Congressional  appropriation  for xxxiii,  xxxvin,  xui 

Expenditures  on  account  of xxxui 

Appropriation  for  purchase  of 13 

Deposited  in  National  Museum 13 

^  Report  of  Executive  Committee  on xxi,  xxxiii,  xxxvm 

Caracas,  Venezuela,  exchange  agency  in 45 

Card  catalogue  of  aucient  ruins  prepared  by  Cosmos  Mindeleff 36 

Cariacus  virginianus  added  to  Zoological  Park 52 

cariama  added  to  Zoological  Park 52 

cristata  added  to  Zoological  Park 52 

Carr,  Lucien,  paper  on  mounds  of  the  Mississippi  Valley 503 

Carson  mounds,  Mississippi,  examination  of 30 

Casa  Grande,  examination  and  preservation  of 31, 82 

Case^s  shipped  by  Exchange  Bureau 38, 39 

Ca8t4?lfrance,  Pompeo,  donations  to  library  by 59 

Castor  Liber  added  to  Zoological  Park 52 

Catlin  Gallery,  the  accessitms  to 19 

Ca via  ai>ere;i  added  to  Zoological  Park 52 

Cegiha  language,  monograph  on,  by  Rev.  J.  Owen  Dorsey 34 

Celestial  spectroscopy,  paper  by  William  Hugglns 69 

Cemeteries,  ancient,  examination  of 31 

Cenozoic  fossils  collection,  accessions  to 19 

Census  Office,  exchange  relations  with 41 

Change  in  phraseology  of  appropriation  for  Bureau  of  Ethnology xxxvui 

Chapowamsic  Island,  village  sites  upon,  study  of 31 
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ChawopOf  ancient  village  site  of,  examination  (»f 31 

Chemical  compoands,  investigations  upon,  by  D.  Wolcott  Gibbs 6 

influence  of  light,  bibliography  of,  by  Alfred  Tuokerman 8, 9 

products  collection,  accessions  to 19 

Cherokee  Nation  visited  by  James  Mooney 33 

tribe,  study  of 33 

Cherokees,  sacred  formulas  of,  work  on,  in  preparation 35 

Chesapeac,  ancient  village  site  of,  examination  of 31 

Chesapeake  Bay,  archteological  visit  to  eastern  shore  of 29 

village  sites  upon  western  shore  of,  examined 31 

Cheyenne  reservations  in  Indian  Territory  visited  by  James  Mooney 33 

Chicago,  Rock  Island  and  Pacific  R.  R.,  payment  to,  for  freight xli 

Chicken  added  to  Zoological  Park 52 

Chief  Justice  of  the  United  States  a  member  of  '*  The  Establishment  " ix 

Chile,  exchange  agency  for 44 

governmental  exchanges  with 47 

transmissions  made  to 45, 47 

China,  exchange  agency  for 44 

transmissions  made  to 45, 47 

Chinese,  time-keeping  among  the.     Paper  by  D.  J.  Magowau 607 

Chipmunk  added  to  Zoological  Park 52 

Chree,  C,  paper  on  application  of  physics  and  mathematics  to  geology 127 

Christiania,  Norway,  exchange  agency  in 44 

Circulation,  the  general,  of  the  atmosphere,  paper  on,  by  Wernor  von  Sie- 
mens    179 

Circus  hudsonias  added  to  Zoological  Park 52 

Civet  cat  added  to  Zoological  Park 52 

Claim  Tor  re-payment  on  accoont  of  exchanges 10 

Classification  of  North  American  languages  by  J.  W.  Powell 33 

Clerke,  A.  M.,  on  the  snn's  motion  in  space 109 

a  southern  observatory 115 

stellar  distances 103 

Clerk  Maxwell  memorial  committee,  donations  to  library  by 59 

Coahoma  County,  Miss.,  mounds  in,  examination  of 30 

Coaita,  black-faced,  added  to  Zoological  Park 52 

Coassus  mfus  added  to  Zo51ogical  Park 52 

Coast  and  Geodetic  Survey  carries  on  pendulnm  observations  in  Smithsonian 

building 14 

exchangie  relations  with 41 

Coins  collection,  accessions  to 18 

Colinus  virginianns  added  to  Zoological  Park 52 

Colombia,  United  States  of,  exchange  agency  for 44 

governmental  exchanges  with 47 

transmissions  made  to 45, 47 

Columbian  Exposition  commissioners  requested  to  procure  animals  for  Zoo- 
logical Park 50 

Collections  in  National  Museum,  growth  of 15 

Comision  del  Mapa  Geologico,  Madrid,  donations  to  library  by 59 

Commerce,  evolution  of,  paper  on,  by  Gardiner  G.  Hubbard 647 

Commission  of  Weights  and  Measures,  exchange  relations  with 41 

Commissioner  of  Patents  a  member  of  **  The  Establishment " ix 

Commissioners  of  Columbian  Exposition  requested  to  procure  animals  for 

Zoological  Park 50 

of  the  District  of  ('olumbia,  exchange  relations  with 41 

H.  Mis.  334,  pt.  1 44 
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Correspondenta,  new  list  of,  needed 45 

Cortis,  R.  J.,  grants  free  freight 43 

Corous  amerieanus  added  to  Zoological  Park 52 

Costa  Rica,  exchange  agency  for 44 

transmissions  made  to 46, 47 

Creek,  vocabulary  of,  in  preparation ^ 35 

Crow  added  to  Zoological  Park 52 

Crown  agents  for  the  colonies,  London,  act  as  exchange  agents 44 

Cuba,  exchange  agency  for .v 44 

transmissions  made  to 46,47 

CuUom,  Hon.  Shelby  M.,  regent  of  the  Institution x,  xi 

Cnnard  Royal  Mail  Steamship  Company,  grant  free  freight 43 

Cnratorships  in  National  Museam  shonld  be  increased 16 

Cnrtin,  Jeremiah,  engaged  in  preparation  of  vocabularies 36 

Curtis,  George  E.,  translation  by 179 

Customs  duties,  payment  of.  Congressional  appropriation  for XLii 

duty  on  glass  for  National  Museum,  estimates  for 4 

Cyclophis  vemalis  added  to  Zoological  Park 52 

Cynomys  ludovicianus  added  to  Zoological  Park 52 

I>. 

Dasyprocta  agouti  added  to  Zoological  Park 52 

Day-book  sheets  for  recording  of  exchange  transactions 45 

Death  of  exchange  agents 42 

Deer,  accommodations  for,  in  Zoological  Park 49, 50 

added  to  Zoological  Park 52 

Den  Helder,  Holland,  exchange  agency  in 44 

Denmark,  consul  for,  grants  free  freight 43 

exchange  agency  for 44 

governmental  exchanges  with 47 

transmission  made  to 46, 47 

)ennison,  Thomas,  grants  free  freight 43 

density  of  oxygen  and  hydrogen,  apparatus  for  determinations  of 6 

)epartment  of  Agriculture,  exchange  relations  with 41 

the  Interior,  exchange  relations  with 41 

Labor,  exchange  relations  with 41 

State,  exchange  relation  with 41 

War,  exchange  relations  with 41 

apartments  in  National  Museum  should  be  extended 16 

of  National  Museum,  accessions  to 18 

^position  of  books  in  library  of  the  Surgeon-General,  U.  S.  Army 12 

^posits  from  sale  of  bonds 3 

vens,  Hon.  Charles,  appointed  regent xi 

declined  appointment  of  regent xi,  1,  2 

death  of,  announced  by  secretary xii 

velopment  of  Zoological  Park 23,24,25 

.imeters  of  tubing,  standards  of 6, 7 

'       styles  t^ja^u  added  to  Zoological  Park 52 

tionary  of  Indian  tribes,  by  Henry  W.  Henshaw 34 

elphys  virginiana  added  to  Zoological  Park 52 

iculties  in  the  life  of  aquatic  insects.     Paper  by  L.  C.  Miall 349 

widdie,  William,  field  work  of 30 

.♦oniements  by  Smithsonian  Institution 4 


Digitized  by  VjOOQ IC 


692  IKDEX. 

Disbnrsementa  for  international  exchanges xxiii,  xxi\%  xxxvi,  11,  40 

North  American  Ethnology xxiv,  xx  v 

National  Mosenm xxvi,  xxx,  xxxi,  xxxii,  xxxiii,  xxxr\%  xxxv 

preservation  of  coDectionft x  xvi,  xxxiii 

furniture  and  fixtures xxx,  xxxiv 

heating,  lighting,  etc xxxi,  xxx  v 

postage XXXII 

printing xxxu 

Perkins  rolh^ction xxxu 

daughters  of  the  late  Joseph  Henry xxxu 

Capron  collection xxxiu 

Smithsonian  building  repair 3cxxvi 

Zoological  Park xxxv,  xxxvi 

Displays  of  the  World's  Columbian  Exposition,  Congressional  appropriation 

for 20 

District  of  Columbia,  ancient  quarries  in,  examined  by  W.  U.  Holmes 29 

Commissioners  of,  exchange  relations  with 41 

Divergent  evolution ;  paper  by  J.  T.  Oolick 269 

Doberck,  Dr.  D.  W.,  acts  as  exchange  agent  for  China 44 

Domestic  animals,  collection  of,  accessions  to 19 

distribution  of  exchange  packages 42 

exchange  packages  sent 38,99 

are  sent  by  registered  mail 42 

societies  in  correspondence  with  Exchange  Bureau 38. 39, 40 

Donation  from  Dr.  Alexander  Graham  Bell 3, 7 

Donations  to  Smithsonian  fund 3 

Dorpaty  University  of,  sent  set  of  academic  publications 58 

Dorsey,  Rev.  J.  Owen,  monograph  on  the  Ccgiha  language 34 

papers  in  preparation  by 34 

Donlton  &  Co.,  memorial  from x  vi,  xvii 

Draft  of  bill  for  reimbursement  of  moneys  advanced  for  exchanges xix 

Dutch  Guiana,  exchange  agency  for 44 

transmissions  made  to 40, 47 

E. 

Eagle  added  to  Zoological  Park 52 

Earll,  Edward  R.,  appointed  chief  special  agent  to  the  World's  Columbian 

Exposition 20 

Early  history  of  exchange  service 9, 10 

East  India,  exchange  agency  for 44 

transmissions  made  to 46, 47 

Eastern  shore  of  Chesapeake  Bay,  archteological  visit  to 89 

Economic  geology  collections,  accessions  to 19 

Ecuador,  exchange  agency  for 44 

transmissions  made  to 46, 47 

Educational  Bureau,  exchange  relations  with 41 

Efficiency  of  exchange  service 42 

Effigy  mound  examined  by  W.  H.  Holmen 29 

Egypt,  exchange  agejicy  for 44 

transmissions  made  to 46, 47 

Ehnikau  vocabulary  in  preparation  l)y  Jei-emiah  I'urtiii 36 

Elephant  prejsented  to  Zoological  Park  by  James  E.  Cooper 50, 52 

Emerson,  W.  R.,  design  for  fence  in  Zoological  Pjirk 48 

Engineer  Bureau,  U.S.  Army,  exchange  rclatioun  with 41 
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Engineering  collection,  accessions  to 18 

England,  hydrographic  oflSco  of,  donations  to  library  by 58 

Entomological  Commission,  exchange  relations  with 41 

Ephemeris,  American,  exchange  relations  with 41 

Erethizon  dorsatas  added  to  Zoological  Park 52 

Erinaceus  europsBiis  added  to  Zoological  Park 52 

Erlangen,  University  of,  sent  set  of  academic  publications 58 

Espriella,  Consul-Gcneral  Justo  R.  de  la,  grants  free  freight 43 

'^Establishment "  to  be  composed  of  all  Cabinet  officers x vii 

members  ex  officio  of  the ix 

Estimated  expenditures  for  1891-'92 4 

Astro-physical  observatory 4 

International  exchanges 4 

National  Museum 4 

customs  duty  on  glass,  etc 4 

furniture  and  fixtures 4 

heating  and  lighting 4 

I)08tage 4 

preservation  of  collections 4 

printing  and  binding 4 

replacing  old  boilers 4 

replacing  wooden  floor 4 

North  American  ethnology 4 

Zoological  Park 4 

Ethnological  exhibit  for  World's  Columbian  Exposition 33 

research  among  the  Indians,  report  on 20, 29 

Congi'essional  appropriation  for 4 

estimates  for  1891-'92 4 

Ethnology,  Bureau  of,  Congressional  appropriation  for xxi v,  xxv, 

XXXVII,  XXXVIII,  XLII 

exchange  relations  with 41 

expenditures  on  account  of xxi  v,  xxv 

Powell,  J.  W.,  in  charge  of xxiv 

report  of  executive  committee  on xxi,  xxiv,  xxxvu 

{See  Bureau  of  Ethnology.) 

collections,  accessions  to 19 

Evolution,  divergent ;  paper  by  J.  T.  Gulick 269 

of  commerce ;  paper  by  Gardiner  G.  Hubbard 647 

Exaiuination  of  accounts  by  executive  committee xxxviii 

Exchange,  bureaus  of,  established  by  New  South  Wales  and  Uruguay 42 

relations  with  the  Government 10 

service,  value  of 10 

system,  governmental  work  done  by 10 

Exchanges,  international 9, 38 

agents  of 44 

correspondents 1 1, 40 

detailed  description  of 10,  U,  38, 42 

disbursements 11, 40 

early  history  of 9, 10 

efficiency  of  service 42 

governmental 10, 11, 41 

expenses 11, 39 

of  official  documents 10, 40 

receipts 11, 39 
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Exchanges  received  by  library 12^53 

reimborsement  of  expenditures  on  account  of,  requested xvu 

repayments  on  account  of xxn 

report  of  curator  on 10, 38, 47 

Secretary's  report  on 9 

shipping  agents 11, 43 

transmissions 45 

Winlock,  W.  C,  curator  of 47 

Executive  Committee  of  the  Board  of  Regents x,  xxxix 

report  for  1891 xii,  xxi,  xxxix 

resolutions  introduced  by xn 

Expenses  of  exchange  service 11.39,40 

Expenditures  fiom  Smithsonian  fund xxn 

of  Smithsonian  Institution 3 

Exi>enses  of  maintaining  the  Zoological  Park 22 

Experiments  in  aero-dynamios;  paper  by  S.  P.  Langley 7,8 

Explorations  conducted  by  Bureau  of  Ethnology 8 

National  Museum 8 

expenditures  on  account  of xxn 

Extra  copies  of  Report  for  1891  ordered  to  be  printed n 

F. 

Facil  i ties  offered  National  Museum  are  insufficient 15 

Falco  sparverius  added  to  Zoological  Park 52 

Felis  concolor  and  pardaiis  added  to  Zoological  Park 52 

Fence  around  Zoological  Park 24 

Ferret  added  to  Zoological  Park 52 

Fiber  zibethicns  added  to  Zoological  Park 52 

Field  work  of  the  Bureau  of  Ethnology 20, 29 

Finances  of  the  Smithsonian  Institution 2 

Fire-proofing  of  Smithsonian  building,  Congressional  appropriation  for xn,  5 

Fish  Commission,  exchange  relations  with 41 

Fisheries  collection,  accessions  to 18 

Fishes,  collection  of,  accessions  to 19 

Flint  blades,  use  of,  to  work  pine  wood,  paper  on,  by  G.  V.  Smith GOl 

Flooring,  renewal  of,  in  National  Museum,  estimates  for 4 

Floors,  new,  for  National  Museum,  Congressional  appropriation  for xlo 

Florio  Rnbattino  Line  grant  free  freight 43 

Flow  of  solids,  paper  by  William  Hallock 237 

FlUgel,  Dr.  Felix,  acknowledgments  due 42,43 

exchange  agent  for  Austria  and  Germany 44 

Foods,  collection  of,  accessions  to 18 

Foreign  agencies  of  the  Exchange  Bureau 44 

correspondents,  new  list  of,  urgently  needed 45 

distribution  of  exchange  packages 42 

individuals  in  correspondence  with  Exchange  Bureau 38, 39, 40 

societies  in  correspondence  with  Exchange  Bureau 38, 39, 40 

transmissions  of  exchanges 45 

increasing  frequency  of 42 

Forest  trees  of  North  America,  by  Dr.  Asa  Gray 8,  GO 

Forget,  A.,  grants  free  freight 43 

Fossil  plants,  collection  of,  accessions  to 19 

Foster,  Hon.  Charles,  appointed  member  of  ' ' The  Establishment" 1 

owke,  Gerard,  field  work  of 30,31 
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Fox  added  to  Zoological  Park 52 

France,  exchange  agency  for 44 

governmental  exchanges  with 47 

transmiBsions  made  to 46, 47 

Free  freight  granted  to  exchange  transmisaions 11, 42 

Freiburg,  University  o^  sent  set  of  academic  publications .58 

Freight  not  charged  on  exchange  transmissions 11, 42, 43 

paid  on  account  of  international  exchanges 40 

re-payments  for,  provided  for  by  Congressional  acts xu 

French  Exchange  Bureau,  donations  to  library  by 58 

Fuller,  Hon.  Melville  W.,  chancellor  of  the  Institution x,  xi 

member  of  "  The  Establishment  '* ix 

President  of  the  Board  of  Regents x 

Fanch,  Edye  &  Co.  grant  free  freight 44 

Furniture  and  fixtures  of  Institution,  expenditures  for xxii 

for  1889— 

balance  of  appropriation xxxi  v,  xxxvii 

expenditures xxxiv 

for  1890— 

balance  of  appropriation xxxiv,  xxxvii 

expenditures xxxiv 

of  National  Museum  for  1891 — 

Congressional  appropriation  for xxx,  xxxvii, 

XXXVIII,  XLII 

exi>enditures  on  account  of xxx 

Congressional  appropriation  for 4 

estimates  for  1891-'92 4 

G. 

Galapagos  tortoise  added  to  Zoological  Park 52 

Gallus  bankiva  added  to  Zoological  Park 52 

Galvanometer  employed  by  astro-physical  observatory 7 

Gatschet,  Albert  S.,  linguistic  work  of 35 

monograph  on  Klamath  Indians 35, 37 

General  circulation,  the,  of  the  atmosphere,  paper  on,  by  Womer  von  Siemens  179 

General  Land  Office,  exchange  relations  with 41 

Geographic  distribution  of  life  in  North  America,  paper  by  C.  Hart  Merriaiii  365 
Geological  Survey,   Congressional  act  directing  payment    of    freight    on 

exchanges XLI 

Geology,  application  of  physics  and  mathematics  to,  paper  by  C.  Chree 127 

collection,  accessions  to 19 

Georgetown,  British  Guiana,  exchange  agency  in 44 

Georgia,  mounds  in,  examinations  of 30 

Germany,  exchange  agency  for 44 

governmental  exchanges  with 47 

transmissions  made  to  46, 47 

Geysers,  pai)er  on,  by  Walter  Harvey  Weed 163 

Gibbs,  Dr.  Wolcott,  assistance  given  to x 6 

in vestigaticms  upon  chemical  conqmnuds 6 

Gibson,  Hon.  Randall  L.,  Regent  of  the  Institution x,  xi 

Giessen,  University  of,  sent  set  of  academic  x>ublications 58 

Gifts  to  Zoological  Park  25 

Gila  River  region,  archjeological  exploration  of 31, 32 

Gila  monster  added  to  Zoological  Park 52 
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Gilly  I)e  Lancy  W.,  propaitMl  illustrations  for  Bureau  of  Ethnology 36 

GIa88  snake  added  to  Zoological  Park '. 52 

Goodale,  George  Lincoln,  paper  on  possibility  of  economic  botany 617 

Goode,  Dr.  G.  Brown,  appointed  a  representative  to  the  World's  Columbian 

Exposition 20 

Assistant  Secretary  of  the  Institution n 

Gordon  &  Gotch,  London,  the  exchange  agents  for  New  Caledonia 44 

Goose  Creek,  shell  deposits  of,  examination  of 31 

Gottingen,  University  of,  sent  set  of  academic  publications 5^ 

Governmental  exchanges,  statement  of 11, 41 

Government  collections,  additional  space  required  for 14 

Departments,  repayments  on  account  of  exchanges n^  39^  40 

exhibits  at  World's  Columbian  Exposition,  Congressional  ap- 
propriation for xun 

officials  as  curators  in  National  Museum 16 

of  New  South  Wales  establish  Exchange  Bureau 42 

Paraguay  carried  out  Brussels  exchange  treaty 42 

Uruguay  establish  Exchange  Bureau 42 

GoTemments  receiving  Congressional  publications 47 

Grace,  W.  R.  «St  Co.,  grant  free  freight 43 

Grand  Medicine  Society  meeting  witnessed  by  Dr.  Hofiinan 32 

Grant  County,  Wisconsin,  mounds  in,  examined 29 

Gtay,  Dr.  Asa,  the  forest  trees  of  North  America 8^G0 

Gi«al  Britain  and  Ireland,  exchange  agency  for 44 

gitvemmental  exchanges  with 47 

transmissions  made  to 46,  47 

^cv>^  ailded  to  ZoTdogical  Park 52 

.  exchange  agency  for 44 

l^^^x^nuiK^ntal  exchanges  with 47 

tra&^^saisnoiis  made  to 46, 47 
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Hardness,  absolute  measure  of,  paper  on,  by  Auerbach 207 

Harrison,  Benjamin,  member  ex-offlcio  of  the  Establishment ix 

Hawks  added  to  Z«>ological  Park 52 

Heating,  lighting,  etc.,  for  1889 — 

balance  of  appropriation xxxiv,  xxxvii 

expenditures xxxv" 

for  1890— 

balance  of  appropriation xxxv,  xxxvii 

expenditures xxxv 

of  National  Museum  for  1891 — 

Congressional  appropriation  for xxxi, 

xxjcvii,  xxxviii,  xLn 

expenditures  on  account  of xxxi 

Heating  and  lighting.  Congressional  appropriation  for 4 

estimates  for  1891-'92 4 

Hedgehog  added  to  Zoological  Park 52 

Heidelberg,  University  of,  sent  set  of  academic  publications 58 

Heloderma  suspectum  added  to  Zoological  Park 52 

Helsingfors,  University  of,  sent  set  of  academic  publications 58 

Henderson  &  Brothers,  grant  free  freight 43 

Hensel,  Bruokmann  &  Lorbacher,  grant  free  freight 43 

Henry,  Joseph,  daughters  of.  Congressional  appropriation  for  .  ..xxxii,  xxxviii,  xlii 

expenditures  on  account  of xxx  ii 

payment  to xxi,  xxxii,  xxx viii 

Henshaw,  Henry  W.,  engaged  in  preparation  of  dictionary  of  Indian  tribes. .  34 

office  work  of 84 

Heron  added  to  Zoological  Park 52 

Hewitt,  J.  N.  B.,  Tuskarora  dictionary  in  preparation 36 

linguistic  work  of 36 

translations  of  older  works  on  the  Iroquois 36 

Hillers,  J.  K.,  photographic  work  for  Bureau  of  Ethnology 37 

Historical  relics  collection,  accessions  to 18 

Hitchiti,  vocabulary  of,  in  preparation 35 

Hnbart,  Tasmania,  exchange  agency  in •  45 

Hodgkins,  Thomas  G. ,  donation  to  Smithsonian  fund 3 

Hoffman,  Dr.  W.  J.,  field  studies  of 32 

work  on  Ojibwa  shamans,  in  preparation 35 

pictography  and  gesture  language 35 

Holden,  Prof.  E.  S.,  assistance  given  to 6 

perfecting  apparatus  for  securing  photographs  of  the 

moon 6 

29,30 

explorations 29 

29,30,31 

34 

mby 34 

pairs  to 48 

E.  T.  Hamy 425 

44 

icy  in 45 

rk 52 

mination  of 29 

relations  with 41 
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Howell,  D.  J.,  made  topographical  gnrvey  of  Zoological  Park 48 

prepared  plans  for  bridge  in  Zoological  Park 49 

Hnbbard,  Gardiner  G.,  paper  on  erolotion  of  commerce 647 

Haggins,  William,  paper  on  celestial  npectroecopy 69 

Hungarian  Society  of  Natural  History,  donations  to  library  by 59 

H  angary,  goremmental  exchangee  with 47 

transmissions  made  to 45^47 

Hnpa  Yocabulary  in  preparation  by  Jeremiah  Cartin 36 

Hntchins,  Prof.  C.  C,  services  of,  in  connection  with  astro-physical  obeerva* 

tory 8 

Hydrographic  Office,  exchange  relations  with 41 

Hydrogen,  density  of,  apparatus  for  determinations  of 6 

Hystrix  cristata  added  to  Zoological  Park 52 

I. 

Iguana  added  to  Zoological  Park 52 

sp.  f  added  to  Zoological  Park 52 

Illustrations  in  annual  report  for  1891,  list  of Tii 

Improvements  in  Zoological  Park 22-23 

Incidental  expenditures  of  Institution xxn 

Incidentals  paid  on  account  of  International  Exchanges 40 

re-payments  on  account  of xxn 

Inclosuro  to  Zoological  Park 24 

Income  of  Institution,  appropriation  of xn 

Increase  of  library  by  exchanges 12^53 

Museum  correspondence 16 

"  Index  Medicus,^'  exchange  relations  with 41 

India,  governmental  exchanges  with 47 

Indian  Affairs,  Office  of,  exchange  relations  with 41 

Commissioners,  Bureau  of,  exchange  relations  with 41 

village  on  Choptank  River,  examination  of 30 

Individuals  in  corresi>onclence  with  Exchange  Bureau 38,39,40 

Industries  collection,  accessions  to 18 

Inman  Steamship  Company,  grant  free  freight 43 

Insects,  aquatic,  difficulties  in  the  life  of 349 

collection  of,  accessions  to 19 

Instttut  National  de  G<^ographie,  Brussels,  donations  to  library  by 59 

Instruments  employed  by  astro-physical  observatory 7 

International  exchanges xxin,  xxx\'n 

report  of  Executive  Committee  on xxi,  xxiii,  xxx\'u 

service  (see  Exchanges,  International). 

Interstate  Commerce  Commission,  exchange  relations  with 41 

Interior  Department,  exchange  relations  with 41 

Invertebrates,  collection  of,  accessions  to 19 

Invested  funds  of  the  Institution 3 

Investigations  upon  chemical  compounds,  by  Dr.  Wolcott  Gibbs 6 

Invoices  written  by  Exchange  Bureau 38, 39 

Island,  exchange  agency  for 44 

Islands  Hipuisbokas^fn,  the  exchange  agent  for  Iceland 44 

Italian  Exchange  Bureau,  donations  to  library  by 58 

Italy,  exchange  agency  for 44 

governmental  exchanges  with 47 

Hydrographic  Office  of,  donations  to  library  by 58 

transmissions  made  to 46, 47 
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James  River  yalley,  arch»ological  exploration  of 31 

village  sitee  upon,  shores  of,  examination  of 31 

Jamestown  Island,  Virginia,  ancient  village  sites  npon,  study  of 31 

Journal  of  Proceedings  of  Board  of  Regents xi 

Jena,  University  of,  sent  set  of  academic  publications 58 

Japan,  exchange  agency  for 44 

transmissions  made  to 46, 47 

governmental  exchanges  with 47 

Java,  exchange  agency  for 44 

Journal  of  Proceedings  of  the  Board  of  Regents,  January  11, 1888 62 

January  9,  1889 63 

K. 

Karr,  W.W.,  disbursements  by xxxix 

Kidder,  Dr.  J.  H.,  bequest  of 3,7 

executor  of,  money  refunded  by xix,  xxi 

Kiel,  University  of,  sent  set  of  academic  publications 58 

King  snake  added  to  Zo51ogical  Park 52 

Kiowa  reservation  visited  by  James  Mooney 33 

Kiowas  to  be  represented  in  exhibit  at  World's  Columbian  Exposition 33 

Klamath  Indians  of  southwestern  Oregon,  monograph  on,  by  Albert  I. 

Gatchet 35,37 

Knapp  mounds,  Arkansas,  examination  of 29 

Koksharow,  Nicholi  von,  donations  to  library  by 58 

Konigsberg,  University  of,  sent  set  of  academic  publications 58 

li. 

Labor  Department,  exchange  relations  with 41 

Lands  for  Zoological  Park  acquired 48 

Langley ,  Samuel  P.,  Director  of  the  U.  S.  National  Museum ix 

experiments  in  aerodynamics 7, 8 

letter  to  Congress  relative  to  additional  building  for 

Museum xiv,xvi 

submitting  annual  report iii 

report  to  Board  of  Regents,  June  30, 1891 1 

Secretary  of  Smithsonian  Institution ix,  1, 28 

Languages  of  North  American  Indians,  expenditures  for xxv 

Lark  added  to  Zoological  Park 52 

Lebouce,  Prof.  H.,  donation  to  library  by 59 

Ledger  account  kept  by  Exchange  Bureau 11,38,39 

Leghorn  chicken  added  to  Zoological  Park 52 

Leipzig,  Germany,  exchange  agency  in 44 

University  of,  sent  set  of  academic  publications 58 

Lepus  callotis,  campestris,  cuniculus,  and  sylvestris,  added  to  Zoological 

Park 52 

Letter  from  Dr.  J.  B.  Angell,  a  regent xi 

of  Secretary  to  Congress,  relative  to  additional  building  for  Mu- 
seum   XIV,  XVI 

of  Secretary  to  Congress,  submitting  annual  report ill 

Letters  received  by  Exchange  Bureau 38, 39 

written  by  Exchange  Bureau 38, 39 

Library 53 

Liberia,  exchange  agency  for 44 
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Library  of  Dr.  J.  R.  Bailey  bequeathed  to  Institntion 14 

Congress,  Congressional  act  appropriating  money  for  exchanges.  xu 

exchanges,  relations  with 41 

Smithsonian,  academic  publications  received  by St^ 

addition  to  list  of  regular  serials 53 

expenditures  for xxn 

increase  of,  by  exchange 12,53 

important  accessions  to 5K 

Murdock,  John,  librarian 59 

publications  received 11, 53 

report  on 11, 53 

requires  additional  accommodations 13 

Secretary's  report  on U^  28 

transmissions  made  to 46,47 

Liebig  von,  Justus,  autobiogrophical  sketch  of 257 

Light,  chemical  influence  of,  bibliography  of,  by  Alfred  Tuckerman 8, 9 

Light-House  Board,  exchange  relations  with 41 

Lilljeborg,  Mr.,  donations  to  library  by 58 

Lima,  Peru,  exchange  agency  in 44 

Limitation  of  work  in  Zoological  Park  caused  by  insufHcient  funds 23, 24 

Linguistic  chart  prepared  by  J.  W.  Powell 33 

work  of  Bureau  of  Ethnology 21,  S3 

Lisbon,  Portugal,  exchange  agency  in 45 

List  of  accessions  to  Zoological  Park 50-52 

correspondents,  new  edition,  urgently  needed 45 

illustrations  in  annual  report  for  1891 vn 

shipping  agents  giving  free  flight 43 

Lithology  collection,  accessions  to 19 

Little  Falls,  Indian  village  sites  at,  study  of SO 

Living  animals,  collection  of,  accessions  to 19 

Lodge,  Hon.  Henry  Cabot,  Regent  of  the  Institution x,  xi 

London,  England,  exchange  agency  in 44 

Louvain,  University  of,  sent  set  of  academic  publications 58 

Lunar  photographs 6 

Admiral  Mouchez,  co-operation  of,  in  securing 6 

Prof.  Holden's  apparatus  for 6 

Prof.  Pickering's  series  of 6 

proposed  work  on" 6 

Lund,  University  of,  sent  set  of  academic  publications 58 

Lynnhaven  Bay,  Virginia,  ancient  village  sites  on,  examination  of 31 

Lynx  rufus  added  to  Zoological  Park 52 

M. 

McChesney,  J.  D.,  disbursements  by xxxix 

McGill  College,  Montreal,  acts  as  exchange  agent 44 

Madrid,  Spain,  exchange  agency  in 45 

Madeira,  exchange  ogency  in 44 

Magowan,  D.  J.,  paper  on  time  keeping  among  the  Chinese 607 

Maharajah  of  Jeypore,  donations  to  library  by 59 

Maintenance  of  zoological  park,  expenses  of 22 

Mallery,  Col.Garrick,  office  work  of 34 

work  on  pictography 34 

Malta,  exchange  agency  for 44 

Mammals,  collection  of,  accessions  to 19 
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Manila,  Philippine  Islands,  exchange  agency  in 45 

Mant^z,  Consul  GreneralJos^,  grants  free  freight 43 

Marsh  hawk  added  to  Roological  Park 52 

Marine  invertebrates  collection,  accessions  to 19 

Maryland,  systematic  archaeological  exploration  of 21, 30 

Mason,  O.  T.,  sammary  of  progress  in  anthropology  for  1891 433 

Materia  medica  collection,  accessions  to 18 

Matter,  molecular  structure  of,  paper  by  William  Anderson 62-63 

Matthews,  W.,  paper  on  Nav^o  dyestuffs 613 

Mauritius,  exchange  agency  for 44 

Mean  density  of  the  earth,  paper  on,  by  J.  Wilslng 61,62 

Medals  collection,  accessions  to 18 

Medical  library  bequeathed  by  Dr.  Jonathan  R.  Bailey xx 

publications  deposited  in  library  of  the  Surgeon-General  of  the 

Army 12 

Medicine  and  Surgery,  Bureau  of,  exchange  relations  with 41 

Meeting  of  Board  of  Regents , xi 

Meetings,  expenditures  for xxii 

Megascops  asio  added  to  Zoological  Park 52 

Meigs,  Gen.  Montgomery  C,  member  of  executive  committee x,  xxxix 

Regent  of  the  Institution x,  xi 

Melbourne,  Victoria,  exchange  agency  in 45 

Members  of  the  Smithsonian  Establishment ix 

Memorandum  relative  to  the  re-imbursement  of  moneys  advanced  for  ex- 
changes   XVII 

Memorial  frt)m  Donlton  &  Co xvi,  xvn 

Menomonee  Reservations  visited  by  Dr.  Hoffman 32 

Merchant,  S.  L.,  &  Co.,  grant  free  freight 43 

Merriam,  C.  Hart,  paper  on  geographic  distribution  of  life  in  North  America.  365 

Mesozoic  fossils  collection,  accessions  to 19 

Messiah  religion  investigated  by  James  Mooney 21,33 

Metallurgy  collection,  accessions  to 19 

Meteorological  records  transferred  to  Signal  Office 13 

Mexico,  exchange  agency  for 44 

governmental  exchanges  with 47 

transmissions  made  to 47 

Miall,  L.  C,  paper  on  difficulties  in  the  life  of  aquatic  insects 349 

Michelson,  Prof.  A.  A.,  assistance  given  to .^ 6 

work  upon  universal  standard  of  measure 6 

Milk  snake  added  to  Zoological  Park 62 

Miller,  Justice  William  H.,  death  of 2 

temporary  chancellor  of  Board  of  Regents 2 

member  of  "  The  Establishment " ix 

Milliken,  Hon.  Seth  L.,  letter  to,  relative  to  new  building  for  Museum xiv 

Mindeleff,  Cosmos,  field  work  of 31 

prepared  card  catalogue  of  ancient  ruins 36 

Minerals,  collection  of,  accessions  to 19 

Mink  added  to  Zoological  Park 52 

Mint  Bnrean,  exchange  relations  with 41 

Minutes  of  meeting  of  Board  of  Regents xi 

Miscellaneous  collections,  expenditures  on  account  of xxii 

repayments  on  account  of xxii 

report  on 8, 60 

Mississippi,  mounds  in,  examination  of 29, 30 

Valley  moundH,  paper  on,  by  Lucien  Carr 503 
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Mitchell,  Hou.  CharleB  E.,  member  of  ''The  EsUblishmeiit " a 

Mitawit  ceremony  witneeeed  by  Dr.  Hoffinan £ 

Models  of  ancient  works,  prepared  by  Coemos  Mindele£f 3$ 

Modem  pottery  collection,  accessions  to IS 

Modes  of  keeping  time  among  the  Chinese,  by  D.  J.  Magowan 607 

Mollasks,  collection  of,  accessions  to 15 

Money  grants  made  for  special  inyestigations € 

Monrovia,  Liberia,  exchange  agency  in 44 

Montevideo,  Uruguay,  exchange  agency  in 45 

Montreal,  Canada,  exchange  agency  in 44 

Moon,  photographs  of  (Me  Lunar  photographs) 6,7 

Mooney,  James,  field  studies  of 33 

office  work  of 35 

work  on  Sacred  Formulas  of  the  Cherokees 35 

Morley,  Prof.  E.  W.,  assistance  given  to 6 

researches  of 6 

Morrill,  Hon.  Justin  S.,  Regent  of  the  Institution x,xi 

Mortality  among  animals  in  Zoological  Park 51 

Morton,  Hon.  Levi  P.,  member  of  ''The  Establishment" n 

Regent  of  the  Institution X 

Mouchez,  Admiral,  co-operation  in  securing  photographs  of  the  moon 6^  7 

Mound  region,  exploration  of,  by  Bureau  of  Ethnology 901,29 

Mounds  examined  by  W.  H.  Holmes 29,30,31 

of  the  Mississippi  Valley,  paper  on,  by  Lucien  Carr 508 

Mozambique,  exchange  agency  for 44 

Mummy  Cave  Cli£f  River,  Arizona,  model  of,  prepared  by  Bureau  of  Eth- 
nology   36 

MuBoz  y  Espriella,  grant  free  freight 43 

Murdoch,  John,  librarian 99 

Murray,  Ferris  &  Co.,  grant  free  freight 43 

Musical  instruments  collection,  accessions  to 18 

Muskrat  added  to  Zoological  Park 63 

Museum  building,  Congressional  act  relative  to  : xiu,  xrv 

urgently  needed 5 

Museum.     {Sre  National  Museum). 

X. 

Nacotchtank,  Indian  village  site  of,  study  of 30 

Nagy-Klbt>ly,  Count,  donations  to  library,  by 59 

Nausamund,  ancient  village  site  of,  examination  of 31 

National  Academy,  exchange  relations  with 41 

National  Board  of  Health,  exchange  relations  with 41 

National  Zoological  Park.     (See  Zoological  Park.) 

National  Museum,  accessions  to Ig 

accounts  examined  by  executive  committee xxXTm 

additional  space  to  be  provided  for 14 

aunual  report  for  1888 ^ 

Congressional  appropriations  for xxvl 

XXX,  XXXI,  XXXII.  xxxm,  xxxiv,  xxxvii,  xui,  4  ' 

ouratorships jg 

estimates  for  ISOl-'P'i '  '  4 


exeA^I^  committee  re]H>rt  on xxi,  xx vi,  xxxin,  xxxvn 

^^^relations  with ^j 

»  on  account  of xxvi  xxx 

^  XXXI,  xxxu,  xxxin,  xxxiv,  xxxv,  4 
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lb' 

^xxxi,: 
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National  Mnseiun,  growth  of  the  collectious 14,15 

increase  in  correspondence 16 

need  of  additional  assistance 17 

new  boilers,  Congressional  appropriation  for xui 

new  building  for,  reqaired xiv 

new  building  for,  resolutions  of  Board  of  Regents  rela- 
tive to XIV 

new  floors.  Congressional  appropriation  for XLU 

offers  insufficient  accommodations  for  collections 5 

overcrowded  condition  of 14, 15 

re-payments  on  account  of xxu 

salaries 17 

scientific  functions  of 14 

Secretary's  report  on 1, 14 

World's  Colombian  Exposition 20 

Natural  gas,  origin  of  rock-pressure  of,  by  Edward  Orton 165 

Nautical  Almanac,  exchange  relations  with 41 

Navajo  dyestuffs,  by  Dr.  Washington  Matthews 613 

Naval  architecture  collection,  accessories  to 18 

Observatory,  Congressional  act  directing  payment  of  freight  on  ex- 

ch  anges x  Li 

exchange  relations  with 41 

Navarro,  Consul-Qeneral  Juan  N. ,  grants  free  freight 43 

Navigation,  Bureau  of,  exchange  relations  with 41 

Navigazione  Generale  Italiana,  grant  free  freight 43 

Navy  Department,  exchange  relations  with 41 

Nelson  mound  pit,  model  of,  prepared  by  Bureau  of  Ethnology 36 

Netherlands,  exchange  agency  for 44 

governmental  exchanges  with 47 

transmissions  made  to 46, 47 

American  Steam  Navigation  Company,  grant  free  freight 43 

New  Caledonia,  exchange  agency  for 44 

Newfoundland,  exchange  agency  for 44 

New  Jersey  Historical  Society,  donations  to  library  by 59 

New  South  Wales,  exchange  agency  for 44 

Gk>vernment  of,  establish  exchange  bureau 42 

Governmental  exchanges  with 47 

transmissions  made  to 46, 47 

New  York  and  Brazil  Mail  Steamship  Line,  grant  free  freight 43 

and  Mexico  Steamship  Company,  grant  free  freight 43 

Society  for  Political  Education,  donations  to  library  by 59 

New  Zealand,  exchange  agency  for 44 

governmental  exchanges  with 47 

transmissions  made  to 46, 47 

Nicaragua,  transmissions  made  to 46, 47 

Night  heron  added  to  Zoological  Park 62 

North  America,  the  forest  trees  of,  by  Dr.  Asa  Gray 8, 60 

North  American  ethnology.  Congressional  appropriation  for xxi v, 

XXV,  xxxvii,  xxxvin,  xlu,  4 

estimates  for  1891-'92 4 

expenditures  on  account  of xxi  v,  xx v 

Powell,  J.  W.,  in  charge  of  Bureau   of  Ethnol- 
ogy    XXIV 

languages,  classification  of,  by  J.  W.  Powell 33 


Digitized  by  VjOOQ IC 


704  INDEX. 

North  Carolina^  ethnological  visit  to 33 

North  German  Lloyd,  grant  free  freight 43 

Norwegian  Greological  Survey,  donations  to  library  by 59 

Norway,  exchange  agency  for .  44 

governmental  exchanges  with 47 

transmissions  made  to 46. 4T 

Nycticorax  nycticorax  nsevius  added  to  Zoological  Park 5f 

Nyctala  acadica  added  to  Zoological  Park 5^ 

O. 

Observatory,  a  Southern,  paper  by  A.  M.  Gierke lL=i 

(See  Astro-physical  observatory.) 

Ocelot  added  to  Zoological  Park 32 

Oelrichs  &  Co.,  grant  free  freight 43 

Office  of  Chief  of  Engineers,  exchange  relations  with 41 

of  Indian  Affairs,  exchange  relations  with 41 

work  of  Bureau  of  Ethnology 21, 33 

Officers  of  the  Institution ii 

other  Governmental  Departments  acting  as  curators  in  National 

Museum 16 

Official  documents,  international  exchange  of 11, 40, 41 

Ohio  State  Library,  donations  to  library  by 5h 

valley,  mounds  in,  examination  of 2d 

Ohm,  George  Simon,  scientific  work  of 247 

Oils  and  gums,  collection  of,  accessions  to ' 19 

Ojibway  reservations  visited  by  Dr.  Hoffman 32 

shamans,  work  on,  in  preparation ^ 

Olmstead,  Mr.,  suggested  improvements  in  Zoological  Park 49 

Omaha  and  Ponka  letters,  paper  on,  in  preparation 34 

dwellings,  paper  on,  in  preparation 34 

Opheosaurus  ventralis  added  to  Zoological  Park 52 

Ophibolus  doliatus  and  getulus,  added  to  Zoological  Park 52 

Opossum  added  to  Zoological  Park 50 

Ordnance  Bureau,  exchange  relations  with 41 

Organic  act,  modification  of,  required x^^I 

Oriental  antiquities,  accessions  to 19 

Origin  of  the  rock-pressure  of  natural  gas,  paper  by  Edward  Orton 155 

Orton,  Edward,  paper  on  the  origin  of  the  rock-pressure  of  natural  gas 155 

Osteology  collection,  accessions  to 19 

Otocoris  alpestris  added  to  Zoological  Park 52 

Ottawa,  Canada,  exchange  agency  in 44 

Ottawa  Indians  visited  by  Dr.  Hoffman 32 

Ovis  montana,  at  Zoological  Park,  died  of  apoplexy 51 

Owen,  Robert  Dale,  statue  of 13 

Owls  added  to  Zoological  Park 52 

Oxygen,  density  of,  apparatus  for  determinations  of 6 

P. 


Pacific  islands,  donations  to  Zooolgical  Park  from 25 

Mail  Steamship  Company,  grant  free  freight 43 

Packages  received  by  Exchange  BunftO 11,  38,  t^,  4 1, 42 

Packing- boxes  paid  on  account  of  jBhiatioual  exchanges 40 

Paige,  Hon.  Harlan  P-   -* — "^'"'^^^Hbry  by ^ 
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Paints  and  dyes,  collection  of,  accesBions  to 19 

Palaihnihan  vocabulary  in  preparation  l»y  Jeremiah  Curtin 36 

Palaeozoic  fossils  collection,  accessions  to 19 

Panama  Railroad  Company,  grant  free  freight 43 

Paper-money  collection,  accessions  to 18 

Paraguay,  exchange  agency  for 44 

Government  of,  carried  out  Brussels  exchange  treaty 42 

Paramaribo,  Dutch  Guiana,  exchange  agency  in 44 

PariH,  France,  exchange  agency  in 44 

Partridge  added  to  Zoological  Park 52 

Psispahegh,  ancient  village,  site  of,  examination  of 31 

Patent  Office,  Congressional  act  directing  payment  of  freight  on  exchanges.  XLii 

exchange  relations  with 41 

I'atiixent  River,  village  sites  upon,  examination  of 31 

Pea  fowl  added  to  Zoological  Park 52 

Peccary  added  io  Zoological  Park 52 

Pendulum  observations,  room  assigned  for 14 

Peuasco  Blanco  ruins,  New  Mexico,  model  of,  prepared  by  Bureau  of  Eth- 
nology    36 

Perkins  collection  of  ])rehi8toric  copper  implements,  appropriation  for 13 

Congressional  appropriation  for 4 

of  prehistoric  copper  implements,  Congressional  appro- 
priation for xxxii,  xxxvii,  XXX VIII 

deposited  In  Nati<mal  Museum 13 

expenditures  on  account xxxii 

report  of  executive  committee  on xxi,  xxxii,  xxxvii 

Perry,  M.,  &  Co.,  grant  free  freight 43 

Peru,  exchange  agency  for  * 44 

govemmetitttl  enchanges  with 47 

tratiitmissions  made  to 46, 47 

Phelpd  Hrothers  &  Co.,  grant  free  freight 43 

P\iil!))pino  Islands,  exchange  agency  for 45 

Philohela  minor  added  to  Zoological  Park 52 

Phoca  vitulina  added  to  Zoological  Park 52 

Phryuosoma  douglassi  added  to  Zoological  Park 52 

Physiciil  apparatus,  accessions  to 19 

geology  collection,  accessions  to 19 

Physics  and  mathematics,  application  of,  to  geology,  paper  by  C.  Chree 127 

Pickering,  Prof.,  photographs  of  the  moon 6, 7 

Pictograi>hic  sketches  prepared  by  Dr.  W.  J.  Hoffman 35 

Pictography,  work  on,  by  Col.  Garrick  Mallery 34 

Picture  writing,  expenditures  for xxv 

Pilling,  James  C,  ceased  connection  with  U.  8.  Geological  Survey 35 

linguistic  work  of 35 

work  on  bibliography  of  the  Algonquin  languages 35 

Pirn,  Forwood  &  Co.,  grant  free  freight 43 

Piney  branch  quarries  examined  by  Bureau  of  Ethnology 29 

Pioneer  Line,  grant  free  freight 43 

Pit  of  Nelson  mound,  model  of,  prepared  by  Bureau  of  Ethnology 36 

Pityoptis  sayi  added  to^Zoological  Park 52 

Plants,  collection  of,  accessions  to 19 

Podilymbus  podiceps  added  to  Zoological  Park 52 

Poey,  Dr.  Felipe,  death  of 42 

Poey,  Dr.  Frederic,  acts  as  exchange  agent  for  Cuba 44 

appointed  exchange  agent 43 

H.  Mis.  334,  pt.  1 45                                                  ^  , 

Digitized  by  VjOOQ IC 


706  INDEX. 


Polynesia,  exchange  agency  for 4S 

transmiBsions  made  to 46, 47 

I'omares,  Consul-General  Mariano,  grants  free  freight 43 

Popes  Creek,  shell  mounds  of,  examination  of 31 

Porcelain  collection,  accessions  to IS 

I'orcupine  added  to  Zoiiloirical  Park 22 

Port-au-Prince,  Haiti,  exchange  agency  in 44 

Port  Louis,  Mauritius,  exchange  agency  in 41 

Porter,  Dr.  Noah,  resignation  of xi 

Portraits  of  Regents  presented  hy  Bureau  of  Engraving  and  Printing 13 

Portugal,  exchange  agency  for 45 

governmental  exchanges  with ...,  4" 

transmissions  made  to 46, 47 

Possibilities  of  economic  botany,  by  Qeorge  Lincoln  Goodale 617 

Postage  of  Smithsonian  Institution,  expenditures  for XXii 

paid  on  account  of  international  exchanges 40 

re-payments  on  account  of ,  ,  xxu 

for  National  Museum  for  1891 : 

Congressional  appropriation  for xxxii,  xxxvii,  xxxvm,  xiai,  4 

estimates  for 4 

expenditures  on  account  of xxxD 

Postmai  ter-General,  a  member  of  '*  The  Establishment u 

Post-Office  Department,  exchange  relations  with 41 

Potomac  valley,  mounds  in,  examined  by  W.  H.  Holmes , ,,  29 

Potowomeck,  village  site  of,  examination  of SI 

Pott«»ry  collection,  accessions  to 19 

Powell,  J.  W.,  classification  of  North  American  languages 33 

Director  of  the  Bureau  of  Ethnology xxiv,  20, 37 

liuguistic  chart  prepared  by 33 

work  of 33 

Powhatan,  ancient  village  site  of,  examination  of 31 

vocabulary  of,  in  preparation ^ 

Prairie  wolf  added  to  Zoological  Park 52 

dog  colony  in  Zoological  Park 50 

Prehistoric  anthropology  collection,  accessions  to IS 

Preservation  of  collections  for  1888-'89  xxxvu 

balance  of  appropriation xxxni 

expenditures Yirxm 

for  1890— 

balance  of  appropriation xxxiii,  xxx  vii 

expenditures xxxiii 

for  1891— 

Congressional  appropriation  for xxvi, 

XXXVII,  XXXVIU,  xui 

expenditures  on  account  of xxvi 

Congressional  appropriation  for 4 

esti  mates  for,  1891-'92 4 

species  nearly  extinct,  the  primary  object  for  establishment 

of  Zoological  Park 21 

President  of  the  Uuit4»d  States^  a  member  of  ^*  The  Establishment " i^ 

exchange  relation  with 41 

l*rinting  for  National  Museum  for  1891— 

Congressional  appropriation  for xxxii,  xxxvii,  xxxvm,  xu 

expenditures  on  acrrMi  of xxxii  1 
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Printing  for  1890,  balance  of  appropriation xxx  v,  xxx  vii 

and  binding,  Congressional  appropriation  for 4 

estimates  for  1891-'92 4 

paid  on  account  of  International  Exchanges 40 

ordered  of  extra  copies  of  Report  for  1891 ii 

re-payments  on  account  of xxii 

of  Institution,  expenditures  for xxii 

Proceedings  of  Board  of  Regents,  Journal  of i  v,  xi,  62, 63 

Proctor,  Hon.  Redtield,  member  of  **  The  Establishment " ix 

Procyon  lotor  added  t^  Zoological  Park 52 

Prussia,  governmental  exchanges  with 47 

transmissions  made  to 47 

Public  Printer,  Congressional  act  directing  printing  for  National  Museum..  xu 

exchange  relations  with 41 

Publications  of  Institution,  expenditures  for xxii 

annual  reports 8, 62 

Contributions  to  Knowledge 8, 60 

Miscellaneous  Collections 8, 60 

report  on 60 

received  by  the  library 11, 53 

sales  of,  amount  realized  from 3 

of  the  Bureau  of  Ethnology 37 

Pueblo  of  Sechuniovi,  Arizona,  model  of,  prepared  by  Bureau  of  Ethnology.  36 

Walpi,  Arizona,  model  of,  prepared  by  Bureau  of  Ethnology 36 

Pulaski  County,  Arkansas,  mounds  in,  examination  of 29 

Puma  added  to  Zoological  Park 52 

Putorius  freuatns,  nigripes,  and  vison  added  to  Zoological  Park 52 

Q. 

Quail  added  to  Zoological  Park 52 

Quarries,  ancient,  examined  by  \V.  H.  Holmes 29 

Queensland,  exchange  agency  for 45 

governmental  exchanges  with 47 

transmissions  made  to 46, 47 

Quito,  Ecuador,  exchange  agency  in 44 

Qnipoughcohannock,  ancient  village  site  of,  examination  of 31 

R. 

Rabbits  added  to  Zoological  Park 52 

Raccoon  added  to  Zoological  Park 52 

Rattlesnake  added  to  Zoological  Park 52 

Reading  room  of  the  library 12 

Receipts  by  Smithsonian  Institution- 
international  exchanges xxiii,  xxxvii,  xxxviii,  xli,  xlii,  11, 39, 40 

North  American  ethnology xxi  v,  xxv,  xxxvii,  xxxviii,  xlu 

National  Museum..  xxvT,  xxx,  xxxi,  xxxii,  xxxiii,  xxxiv,  xxxvii,  xxxvni,  xlii 

preservation  of  collections xxxiii,  xxxvii,  xxxviii,  xlii 

furniture  and  fixtures xxx,  xxxiv,  xxxvii,  xxxviii,  xiji 

heating,  lighting,  etc xxxi, 

xxxiv,  XXXV,  xxxvii,  xxxvin,  xlii 

postage xxxii,  xxxvii,  xxxviii,  xlii 

printing xxxii,  xxxv,  xxxvii,  xxxvni,  xli,  xlii 
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ReceiptH  by  SmitliRonian  Institution — Continued.  Pi^ 

Perkin'e  collection xxxn,  xxxvn,  xxxnn 

daughters  of  the  late  Joseph  Henry xxxii,  xxxvni,  xm 

Capron  collection xxxni.  xxxviii,3aj: 

Smithsonian  building  repair xxx vi,  xxxvn 

Smithsonian  fund xxi,  xxxva  j 

Zoological  Park xxxv,  xxx\Tn,XL: 

Recent  plants,  collection  of,  accessions  to .- 

Recording  of  exchange  correspondence i' 

Red  fox  added  to  Zoological  Park V 

Red  Star  Line,  grant  free  freight i 

Reductions  in  Congressional  appropriations  for  the  Zoological  Park 22.:^^ 

Regents  of  the  Institution u,  x 

accept  annual  report  of  Secretary w 

appointed  by  Congressional  resolution \ 

portraits  of,  prebented  by  Bureau  of  Engraving  and  Printing y 

board  of,  resolutions  by xii,  xui,  xvi,  xvii.xx 

(See  Board  of  Regents.) 

Registration  of  domestic  exchange  packages i. 

He-inibursement  of  moneys  advanced  for  exchanges ^yVi 

Relation  of  natural  science  to  art,  paper  by  E.  du  Bois-Keymond jv 

Repairs  to  building  to  be  made  under  the  direction  of  the  Secretary xil  xi; 

Holt  mansion  in  Zoological  Park > 

Smithsonian  building  needed 

Re-payment  asked  from  Congress  for  money  advanced  on  cconnt  of  ex- 
changes    V 

Re-payments  to  Institution xxii,  xxxvu. 

from  Government  Departments 11. 39.  ^ 

Report,  Annual,  of  the  Board  of  Regents  for  1891 : 

Congressional  resolution  to  print  extra  copies : 

submitted  to  Congress n: 

of  the  Smithsonian  Institution r 

contents  of v 

list  of  illustrations \  ; 

of  executive  committee  for  1891 xii,  xxi,  xxx: 

on  expenditures  for  exchanges xxin 

North  American  Ethnology xxi 

National  Museum xx\ 

National  Zoological  Park xxx  J 

building  repair xx\''i 

of  acting  manager  of  Zoological  Park ^i 

Curators  of  National  Museum  for  1888 -:! 

the  Assistant  Secretary  for  1888 ,j 

Curator  of  Exchanges 10^  3^ 

Director  of  Bureau  of  Ethnology ^n 

Secretary  of  Board  of  Regents 1 

the  Librarian 12- 

Reports,  expenditures*  on  account  of ^^  i 

re-payments  on  account  of ^x 

Reptiles,  collection  of,  accessions  to I 

Researches  encouraged  by  Institutiim \ 

-physical  observatory 1 

i-dynamics,  by  the  Secretary ] 

pology,  expenditures  for x^ 

on  acr.       I  of 2^^,  I 
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Paga 

Researcht'S,  moiioy  grantH  for,  made  in  H])ecial  cases 6 

(Jibbs,  Dr.Wohott 6 

Holden,  Prof.  E.  S 6 

MichelsoD,  Prof.  A.  A 6 

Morley,  Prof.  E.  W 6 

MoiK'hez,  Admiral,  cooperation  in  securing  lunar  photographs.. .  6 

PickiTiug,  Prof.,  photographs  of  the  inorm 6 

standards  of  screws.  et«' 6 

Residuary  legacy  of  Smithson,  condition  of 3 

Resolution,  Congressional,  appointing  Regents xi 

for  additional  Museum  building xiii,  xiv 

of  Congress  to  print  extra  cojiies  of  Annual  Report  for  1891 ii 

See  Congress,  acts  and  resolutions  of XLi 

of  the  Hoard  of  Regents xii 

appropriating  the  income  of  the  Institution Xli 

authorizing  the  Secretary  to  act  in  all  matters  pertaining  to 

the  Zoological  Park xii 

authorizing  the  Secretary  to  act  in  all  matters  pertaining  to 

the  bnilding  repairs xii,  xiii 

construction  of  building  for  astro-physical  observatory xiii 

empowering  the  executive  committee  to  act  in  matters  per- 
taining to  new  Museum  bnilding xvi 

on  memorial  of  Doulton,  etc xvii 

on  moilifying  the  organic  act XVii 

on  re-inibursement  by  Congress  for  expenditures  forexchanges  xvii 

relative  to  death  of  George  Bancroft xx 

introduced  by  executive  committee xii 

Rei?ources  of  National  Museum  insutlicient 15 

Reymond.     See  du  Bois-Reymond. 

Reynolds,  Henry  L.,  archaeological  explorations  of 31 

death  of 31 

Reykjavik,  Iceland,  exchange  agency  in 44 

Rio  de  Janeiro,  Brazil,  exchange  agency  in 44 

Rio  Verde  region,  archa'ological  exploration  of 21, 31, 32 

Roads  in  Zofdogical  Park 23,24,48 

Rock  Creek  valley,  ancient  cpiarries  in,  examined 20, 29 

Rock-i»re8sure  cd'  natural  gas,  origin  of,  paper  on,  by  Edward  Orton 155 

Rod  way,  James,  paper  on  Struggle  for  Life  in  the  Forest 337 

Roemer,  Dr.  Ferdiuand,  donations  to  library  by .59 

Rogers,  Jt)seph  A.,  paper  on  correction  of  sextants 8, 61 

Rolls,  Bureau  of,  exchange  relations  with 41 

Rome,  Italy,  exchange  agency  in 44 

Rooms  for  scientitic  work 14 

Roslock,  University  of,  sent  set  of  academic  publications 58 

Roumania,  exchange  agency  for 45 

transmissions  made  to 46, 47 

Royal  Academy  of  Sciences,  Turin,  dtmations  to  library  by .58 

Ruin  of  Penasco  Blanco,  New  Mexico,  model  of,  prepared  by  Bureau  of  Eth- 
nology    36 

RuH.Hia,  exchange  agency  for 45 

governmental  exchanges  Avith 47 

hydrograpbic  office  of,  donations  to  library  by 58 

transmissions  made  to 46, 47 

Rniz,  Consul-General  Domingo  L.,  grants  free  freight 44 


Digitized  by  VjOOQ IC 


710  INDEX. 

8. 

Sacred  formulas  of  the  Cherokees,  work  on,  in  preparation 35 

SalarieH  of  Burean  of  Ethnology,  expenditures  for xxv 

paid  on  account  of  international  exchanges 40 

paid  by  National  Museum  are  below  the  standard 17 

repayments  on  account  of xxii 

of  Smithsonian  employ<^8,  exi>enditure8  for xxii 

Sale  of  bonds,  deposit*  from 3 

Sales  of  publications,  amount  realized  from 3 

San  Salvador,  exchange  agency  in 45 

transminsions  made  to AS,  47 

Santiago,  Chile,  exchange  agency  in 44 

Sauromalus  ater  added  to  Zofdogical  Park 52 

Savings  from  income  of  Institution 3 

Saxony,  governmental  exchanges  with 47 

transmissi(ms  made  to 47 

Schumacher,  A.  &  Co.,  grant  free  freight 43 

Science,  natural,  relation  to  art.     Paper  by  E.  du  Bois-Reyniond 661 

Scientific  functions  of  National  Museum 14 

work  of  George  Simon  Ohm,  by  Eugene  Lonnnel 247 

rooms  assigned  for 14 

Sciurus  carolineusis  and  hudsonius  added  to  Zoological  Park 52 

Sciuropterus  volucella  added  to  Zoological  Park 52 

Screws,  standard  sizes  of,  investigations  upon 6, 7 

Sechumovi,  pueblo  of,  model  of,  prepared  by  Bureau  of  Ethnology 36 

Seal  added  to  Zoological  Park 52 

Secretary  of  Navy,  a  member  of  *^  The  Establishment " IX 

Secretary  of  Smithsonian  Institution,  Annual  Report  for  1888 62 

1889 63 

report  to  Board  of  Regents,  June  30, 1891 1 

authorized  to  act  in  all  matters  pertaining  to  the 

National  Zofdogieal  Park xii 

letter  to  Congress,  submitting  report ill 

)»reseuts  annual  report  to  Board  of  Regents xx 

library,  books  required  for 12, 13 

on  additional  fire-proof  building  for  Museum xiii,  xvi 

appointment  of  Judge  Devens x  ii 

astro-physical  observatory xi ii 

filling  vacancies  in  Board  of  Regents xi 

Kidder  bequest xix 

modification  of  organic  act xvii 

re-imbursement   on    money  expended    on   ex- 

(;hauges x  vii 

Secretary  of  Sta.te  a  member  of  ' '  Thi*  Establishment '' IX 

State  for  India,  donations  to  library  by 58 

Treasury  a  member  of  ^*  The  Establishment  " IX 

War  a  member  of  **  The  Establishment " IX 

Senate  action  on  new  building  for  Museum 5 

Serials  added  to  library 12, 53 

Servia,  exchange  agency  for 45 

transmissions  made  to 46, 47 

Sextants,  correction  of,  paper  on,  by  Joseph  A.  Rogers 8 

Shamans,  Oj ibwa,  work  on,  in  preparation 35 

Shanghai,  exchange  agency  in 44 
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Sbawano,  vocabulary  of,  in  preparation 35 

Hherman,  Gen.  William  T.,  notice  of  death  of 2, 25 

Shipping  agentB,  list  of 43 

Sia  Indians  customs  and  mythology,  study  of 32 

Siderostat  employed  by  astrophysical  observatory 7 

Siemens,  von,  Werner,  paper  on  the  general  circulation  of  the  atmosphere. .  179 

Sign  language,  expenditures  for xx  v 

Signal  Office,  exchange  relations  with 41 

SimpliAcation  of  exchange  records 46 

Siouan  cults,  study  of,  paper  on,  in  preparation 34 

Smith,  G.V.,  paper  on  the  use  of  flint  bladeH 601 

Smiths  town,  Indian  village  site  at,  study  of 30 

Smithson  bequest,  condition  of 3 

Smithsonian  Building,  expenditures  for xxii,  xxx  vi,  xxx viii 

iireproofiug  of xu 

Congressional  appropriation  for 5 

repair.  Congressional  appropriation  for 4 

Contributions  to  Knowledge,  report  on 8, 60 

fund,  condition  of xxi,  xxxvii,  xxxviii,  xxxix 

offers  especial  guaranties  to  endowments 3 

Institution,  exchange  relations  with 41 

executive  committee  to  re])ort  on xxi,  xxx  vii,  xxxix 

members,  regents,  and  officers  of ix 

miscellaneous  collections,  report  on 8, 60 

observatory.    See  Astro-physical  Observatory. 

Snakes  added  to  Zoological  Park 52 

Snider,  Geo.  L.,  appointed  assistant  in  Exchange  Bureau 42 

Society  Romana  di  Storia  Patria,  donations  to  library  by 58 

Societies  in  correspondence  with  Exchange  Bureau 11, 38, 39, 40 

Society  of  Writers  to  H.  M.  Signet,  donations  to  library  by 59 

Soldiers'  Home,  exchange  relations  with 41 

Solids,  the  flow  of,  paper  by  William  Hallock 237 

South  American  red  deer  added  to  Zoological  Park 52 

Australia,  exchange  agency  for 45 

governmental  exchanges  with 47 

transmissions  ma<lo  to 46, 47 

Southern  Observatory,  paper  by  A.  M.  Gierke 115 

Spain,  consul  for,  grants  free  freight 44 

exchange  agency  for 45 

governmental  exchanges  with 47 

transmissions  made  to 46, 47 

Sparrowhawk  added  to  Zoological  Park 52 

Spears,  J.  R,,  the  Corbin  Game  Park 4 17 

Specimens  in  National  Museum,  number  of 16 

Spectro-bolometer  employed  by  astrophysical  observatory 7 

Spectroscopy,  celestial,  paper  bv  William  Huggins 69 

Squirrel  added  to  Zoological  Park 52 

St.  Johns,  Newfoundland,  exchange  agency  in 44 

St.  Helena,  exchange  agency  for 45 

St.  Petersburg,  Russia,  exchange  agency  in 45 

Standard  sizes  of  screws,  etc.,  investigations  upon 6, 7 

State  Department,  exchange  relations  with 41 

institutions,  repayments  on  account  of  exchanges 11, 39, 40 

Statement  of  governmental  exchanges 11, 41 
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Staiemeut  of  work  done  by  Exchauge  Bnreaa 10,38,39 

Statiouery  paid  on  account  of  international  exchanges 40 

re-payments  on  account  of xxii 

nsed  by  Institntion,  expeuditures  for xxii 

SUtueofProf.  Baird 13 

Kobert  Dale  Owen 13 

Stellar  distances,  paper  by  A.  M.  Gierke 103 

Stereotype  plates,  examiuation  of 14 

Stevenson,  Mrs.  Matilda  C,  general  field  stndies  of 32 

paper  on  Sia  Indians  in  preparation 36 

Stewart,  Cousul-General  Alexander,  grants  free  freight 44 

Stockholm,  Sweden,  exchange  agency  in 45 

Straasburg,  Tniversity  of,  sent  set  of  academic  publications 50 

Strix  pratincole  added  to  Zoological  Park 52 

Stmggle  for  life  in  the  forest,  by  James  Rod  way 337 

Sumatra,  donations  to  Zoological  Park  firom 25 

Summary  of  progress  in  anthropology,  by  O.  T.  Mason 433 

Sun's  motion  in  space,  paper  by  A.  M.  Gierke 409 

Surgeon-General's  office,  exchange  relations  with 41 

Survey,  topographical,  of  Zoological  Park 48 

Swan,  Sonneschein  «&  Go.,  donations  to  library  by 59 

Swedeu,  exchange  agency  for 45 

g^veniment-al  exchanges  with 47 

transmissions  made  to 46, 47 

Switzerland,  exchange  agency  for 45 

governmental  exchanges  with 47 

transmissions  made  to 46, 47 

Sydney,  New  South  Wales,  exchange  agency  in 44 

T. 

Tabular  statement  of  exchange  work 38,39 

accessions  to  Museum  collections 18 

Tamandua  tetradactyla  added  to  Zoological  Park 52 

Tamias  striatus  a<lded  to  Zoological  Park 52 

Tasmania,  exchange  agency  for 45 

governmental  exchanges  with 47 

transmissions  made  to 46. 47 

Tatnsia  novemcincta  added  to  Zoolo;;ical  Park 52 

Taxidca  americana  added  to  Zoological  Park 52 

Telegraph,  re-payments  on  account  of XXii 

service  of  Institution,  expenditures  for XXii 

Tennessee,  ethnological  visit  to 33 

Textiles,  collection  of,  acces:>it»ns  to 18 

Thomas,  Prof.  Gyrus,  office  work  of 34 

workof 31,31 

Tide-water  regions  of  Maryland  and  Virginia,  archteological  exploration  of.  21, 30 

Timekeepiug  among  the  GhincjH',  paper  on,  by  D.  J.  Magowan 607 

Tokio,  Japan,  exchange  agency  in 44 

Toltec  station,  Arkansas,  mounds  near,  examination  of 29 

Tonka  we,  vocabulary  of,  in  preparation 35 

Topographical  survey  of  Zoological  Park 48 

Toriello,  Gonsul- General  Enrique,  grants  free  freight 44 

Tortoise  added  to  Zoological  Park 62 

Tracy,  Hon.  Benjamin  F.,  member  of  *'  The  Establishment " IX 
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Transmissions  of  Congressional  pnblications 47 

exchanges  to  foreign  conntries 43 

Transportation  companies  granting  free  freight 11, 45 

collection,  accessions  to 18 

Treaty  of  Brussels  only  partly  in  operation 11, 42 

providing  for  exchange  of  official  documents 11, 40, 41 

TroaHiiry  Department,  exchange  relations  with 41 

IVibal  synonymy,  work  on,  in  preparation 35 

Troglody  ten,  the  home  of  the,  paper  by  E.  T.  Hamy 425 

Tubing,  standard  diameters  of 6, 7 

Tlibingen,  University  of,  sent  set  of  ac^emic  publications 58 

Tuckerman,  Alfred,  bibliography  of  the  chemical  influence  of  light 8, 9, 62 

Turkey,  exchange  agency  for 45 

governmental  exchange  with 47 

transmissions  made  to 46, 47 

Tuskarora  dictionary  in  preparation  by  J.  N.  B.  Hewitt 36 

IJ. 

United  States  National  Museum.    (See  National  Museum.) 

Universities  having  sent  complete  set  of  academic  publications 58 

Uruguay,  exchange  agency  for 45 

government  of,  establish  Exchange  Bureau 42 

transmissions  made  to 46, 47 

Use  of  flint  blades  to  work  pine  wood,  paper  on,  by  O.  V.  Smith 601 

Utrecht.  U^niversity  of,  sent  set  of  academic  publications 58 

V. 

Vacancies  in  Board  of  Regents  filled  by  Congre^ional  resolution xi 

Vatable,  H.  A.  &  Co.,  grant  free  freight  44 

Venezuela,  exchange  agency  for 45 

governmental  exchanges  with 47 

transmissions  made  to 46, 47 

Vertebrate  fossils  collection,  accessions  to 19 

Vestenls,  Hogre  Allraliiina  LUroverk,  donations  to  library  by 59 

Vester.ns,  University  of,  sent  set  of  academic  publications 58 

Vice-President  of  the  United  States  a  member  of  "The  Establishment** ix 

Victoria,  exchange  agency  for 45 

govermental  exchanges  with '   47 

transmissions  made  to 46, 47 

Virginia,  ancient  cemetery  in,  examination  of 31 

systematic  archieological  exploration  of - 21, 30 

deer  added  to  Zoological  Park 52 

Visitors  to  Zoological  Park 51 

Voorhocs,  Hon.  Daniel,  introduced  bill  for  statue  of  Robert  Dale  Owen 13 

Vnlpes  fulvus  added  to  Zoological  Park 52 

W. 

Walpi,  pueblo  of,  model  of,  prepared  by  Bureau  of  Ethnology 36 

Wanamaker,  Hon.  John,  member  of  "  The  Establishment " ix 

War  Department,  Congressional  act  directing  payment  of  freight  on  ex- 
changes    XLI 

exchange  relations  with 41 

Water  moccasin  added  to  Zoological  Park 52 
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Weanock,  ancient  vilU^  site  of,  examination  of —  31 

Weasel  added  to  Zoological  Park 5^ 

Weed,  Walter  Harvey,  paper  on  geysers IC 

Weight  of  packages  received  by  Exchange  Bnrean 38l3^ 

Weitspekan  vocabulary  in  preparation  by  Jeremiah  Cnrtin > 

Welling,  Dr.  James  C,  appointed  regent  of  Institution i,x: 

chairman  of  executive  committee x,  xxxn 

report  presented  by —  XH,  xxxn 

resolution  by .-  xu, xi 

Wellington.  New  Zealand,  exchange  agency  in 44 

We«ley,  William,  death  of it 

Wesley,  William  Sl  Son,  acknowledgments  due t 

exchange  agents  for  England 44 

Wheeler,  Hon.  Joseph,  regent  of  the  Institution xxi 

WTiite.  Hon.  Andrew  D.,  regent  of  the  Institution x,xi 

White  Cross  Line,  of  Antwerp,  grant  free  freight 44 

Wicomico  River,  oyster-dredging  station,  examination  of 31 

Wildcat,  added  to  Zoological  Park !£ 

Wilson  A  Asmus,  grant  free  freight 44 

Windom,  Hon.  William,  member  of  *'  The  Establishment  ^ .  a 

death  of 1 

Winlock,  W.  C.  curator  of  exchanges 47 

report  on  exchanges 11. 4T 

Wintu  vocabulary  in  preparation  by  Jeremiah  Curtin 36 

Wisconsin,  mounds  in,  examineil  by  W.  H.  Holmes :*• 

Wolves  addeil  to  Zoological  Park , 5;' 

Woodchuck  added  to  Zoological  Park X 

Work  done  in  ZoTilogical  P.irk 23, 24,  4;t4,  49,  :>1 

World's  Columbian  Exposition 5^i 

Dr.  G.  Brown  (ioo<le  appoiuted  Smithsonian  representative 3 

Conjrressional  appropriation  for  exiiibits -Xuii.  3' 

Earll,  Eiilward  R.,  appointe<l  chief  special  agent L^i' 

Wright,  Peter,  &  Sous,  grant  free  freight 45 

Wiirtemberg,  governmental  exchanges  with 47 

transmissions  made  to 47 

WUrzburg,  rniveraity  of^sent  set  of  academic  publications 5? 


Yana  vocabulary  in  preparation  by  Jeremiah  Curtin 36 

Z. 

Zi«ka-wei  Observatory  acts  as  exchange  agent  for  China 44 

Zooloj^ical  Park  accounts  examined  by  executive  committee xxxviii 

antelopes,  accommodations  for 49  -^) 

animal  shelters  constructed  in 49 

animals  to  be  procunMl  by  Commissioners  of  World's  Co- 
lumbian Exp*wition -^i 

Kaker,  Frank,  acting  manager  of 5;^ 

balance  of  appropriation  xxxv,  xxxviii 

*'     t^ens,  construction  of 24  4Jt 

f|f  animals  in 5,, 

I  1^     ^^■toomnioilatittnM  fitr 25  49 

23, 24, 48, 4^!  51 
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Zoological  Park,  buildings 6 

(leer,  aceommodatioiiH  for 49, 50 

elephants  in 50 

estimates  for 4 

expenditures xxii,  xxxv,  xxxvi 

Holt  mansion  in 48 

list  of  accessions 50, 52 

mortality  among  animals  in 51 

prairie-dog  colony  in 50 

report  of  acting  manager 48 

report  of  executive  committee  on xxi,  xxxv 

secretary's  report  on 1, 21,  28 

roads  in 23,24,48 

topographical  survey  of 48 

visitors  to 51 

work  done  in 23,24,48,49,51 

Zurich,  University  of,  sent  set  of  academic  publications 58 
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